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(Copper Sulphate)
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Hempujeier, SLHmS iDL SEI&HESTETEHLD
SHEOTEMLOW|EWL LI HEWEDTHGILD, LIHLIOLITIHL ST

6T60T  EUEMTWIMISHSHLILI(bEHEITDET.  HeMEOTHE)
LIBLIOWIM(HL & EMHLD
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QCT QD UMS SHETDI&HSHEMA oL (HELD

9 _eiTenL&&dlwemel Sevflold 6T6uTLILI(HLD.
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eTe&LOmeT&HeT,  [Bluploneorser  Gumedtm
SIQLILEDL S HISHETHMETSH Q&HM00TL L6 Hb
Hlem60$SH60T6MID ©_6MLILIZ| 6TETLIHEMEDT [HITLD
M Geunip.
SEUfIOD  HOTH  QIET  SEDEDF)
LS  SHDGSHWET 2 _6TeMLSHELSNS
LIEDEDETD)|

OHMETTL.  HEUIIOTRIGET  CLOEDSHERMISH6T  6T60T

SMevoTLILIbED &) 160G &H6Mm6IT

SIWLP&ESLILI(HE6OTD6DT.

ThSHEHISHSHML(b : QUETD| DG — ShISHLD
(Au), smOmb (Cu), uededsTm) Si0SG -
emamL reeor eumy (H,),
HmID Fedbur (Sy).

umeougev  (P,)

@& :

@nevory VEDFH SiBMHG GhulL

GleuelGeum) Seuflo SIETN)|& 8 6W6IS
CIHMTETUTL.  CLOEDSHEn MSHEW6T 26T &SI
GaILorISETTGLD.
TOSHHSSHM (O : SITTL60T 6mL
eemen®k (CO,), endGamev (C.H,,0/),
eman rger  soemun  (H,S), Gemquibd
&Gemmemmh (NaCl)

Gaiwrasefledr  LetoTUSH6T,  Sieumniled

SiLraidlweiter gevfluorkiserfledT Lievorserfledl b &)
LIMIULIGHSHGSLD. TbSHHISSTL LTS G&FmqILLD
6@ ueruerLLmeor 2 Geonaid, &Gemmifleor eI

erflFeQMLbd eurwy, Speotned @bs Smevorh
Seofloriserfled mha 2 (Heun &L G&FLoLmeot
Bamquib &Gemmemm(b, LG8 55 60T6MLOW|6mL LI

FleooTLODMG LD, @&CBaIwd 2 ulrfluied
QFWIEOLIM(bSEHEHS (LPHSIUILOTEITSHITESLD.

0
searwH o &_p.
1. CeudlsHeotemo g LILIemLuledmeoT
aUemSIUNL(h Simlellement  LIWeOTLI(bSS),
YedTeu(HLD 66,616)TEOTEMMILLD,

geuflold, GEID SI6DEDS SHEDEWEU  6TE0T
EUMELILI(bSH &)

(i) sT&E®emT

(i)  sLeBT

(i)  eumemevEUIq BT

(iv) SMILIEOT 6ML Sh&HEm6roch

(v) smdr sl (Copper wire)

(vi) ememrevor 2 Ly

(vi) eweuererfls HL(b (Silver plate)

(viii) BTsE060T 2_(He0oT6emL &6l

1.3 SIgm)| HMID CPEO&HTn M) [FleDMESET.

1.3.1 sigw) [Hlewm

Qm Haflss SigEm  eTeueleTe)
BeopuenLiwg? Sigmeunerg 10710 m
el Lpd, Gamgmuwns 10727 kg Hlemmuyb
esnevorL  SFABIWL  HiseT
Blemmuemeot

seoorLBlw Buieongl. ereor@Gey, & Hwo
Sig)efleme SiqLILIEDLIITSE QSHT6TrL 6L

GTE0TLIHITED,
SI& 60T

GrIgWnsHs
a6l (b(Lpemm (LpeoTEOMAILILILILL &).

IUPAC
of Pure

(International ~ Union

and Applied Chemistry)
siemwlunergs C-12  sigmeiemeor  Hluwio

SIETD)EUMS &([HSHS DE\SHMTEOUTL G- SI& 60T
Sigfledn 12 amu Sibeod 12 u  ereor
6T(b& GO SMETTLILILED &.

aig Smmed (ground State) Hlemeouied
o aten C-12  oiemiefleor  Hlemmulev,



LI60T60f16)T 600T1q 6D 6(IH LMl GHlemm, Sigtmiiblemm
SI0G (amu) SV HEMOLIGSSIILLL
i Hlewm (Unified atomic mass) ereor
EUEMDT WLIMISSLILHED .

1 amu (siebe0g)) 1u = 1.6605 x 10727 kg.

8hbs oetefilp (pempuled, LY
Sig)| [Hlewm eredTLgl, 6(H Sisomieledr FoME]
SNl HGSLD, QIHEMLOLILIGLSSHLILLL. HE)]
Bleons@o @enLGuuwineor eNl&HD  ereor
EUEMTIMISSLILIED &.

QU i) Hlewm (A)
sigmiefleor srnsrl Hlemm

HEMLD LihSSLILLL Siewn)] Hlemm
T(bSHEISSTLLTS,

emanL Tefler QU sigm) Hleom (A )y
smanLTeeufler 6h Semieedr sansil Hlemm (kg
= &)
1.6605 x 1027 kg
1.6736 x 10727 kg

1.6605 x 10727 kg

= 1.0078 = 1.008 u.

6\ILI(HLDLIM6DITE0T
eeTHh&D  GubulL
6\BMETOTIQ(BLILIGHTED,  [HITLD

SHeoflLorhIG6i
o@anGLniysemnerd
sunefl S
Blemmuilemeot LIwIedTLI(h S &I EmLD.
Qm seoeleor  sonefl s Hleom
aeoTLg, Sibg Sigmieledr  Suihensuied
SMeouTlLGb  SiemeoTdHs  LCsmGLmiyserfleor

s lewmsefleor  sgnsfl  wHY  ereor
EUEDTWIMNIGSLILbEDS). T(bSHEISHSHM LTS
SCarmifleor  sigmellements  HHEIGeuMLD.
@b sigm Quibewauiey  CIB° wHmib

CP¥7 séu @ eGsnGLmiysemer 77 : 23
ete0Tm eNfHSHl6d OBMevUIheTENS. 6Te0TE6,
&Cenmiflevfledr samaif] LI Sievn) Hlewm
_ (35 x 77) + (37 x 23)

100
35.46 u

1.3.2 cpes8a M) [flewm

QU sigo) Hleopullemets Gumedtm)
QUL CPE0&HER M) Hledpwiners, 6
CLPE0 & En MI60T [EleMMEGLD, QIHEMIOLIbSSLILIL L
sig)| [Hlewm& &L SemL Guiwimeor efl&SLD 6r6or
UEMIIMNIGSLILGEADS. 6 ISl 60T 6L
P& M) Hlemmuileneor, SiFHled L Mhidl|erer
SIET0)|&S61T160T GLIL| STl [ElemMS6rfl60T S (bG6D
CLP6VLD &6T0TSHEIL. EUIEILD.

TS HSHSHML LTS,

i) emamLirser CLP6DE .Ml 60T LI
cpedenm) Heom (H,)

=2X (so)@_njllugsh signiefledr 6L SieT)] ﬂsoam)
=2x1.008u
=2.016 u.

ii) &Ep&EBsmen Baiw &l eor LI
epedenm) Hlemm (C.H, ,O,)

= (6 x12) + (12 x1.008) + (6 x16)

=72+12.096+96

= 180.096 u
SiL L euemevor 1.1 &leo Fevflormiserleor 6L
Sigo)| [FlemM S 6IT.
ey ey
SHeuflold SV Seuflold SIg0)|
e e
H 1.008 Cl 35.45
C 12 K 39.10
N 14 Ca 40.08
@) 16 Cr 51.9
Na 23 Mn 54.94
Mg 24.3 Fe 55.85
S 32.07 Cu 63.55
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+  &&Gmmen (C,H,,0,;)

1.4 Gumed upMlw GasmLumo

eunL&efleor Sienellementd GmILLIL,
BD eusdHleEGamuU  Lmet, &wi Gumedtm
UYL QUWIT M6 6ULPES SHS]6D LILI6OTLI(hSH S
QUBAGCDMD. ThHHSSMLTS, QUH L 6o
Cungréser ereotug 12 GOmem L, 5&6emeub,
& &WIT GuULIT 6TedTLIS| 25 6T600T600(185H6mE
Q&MevuTL. Hem&eman GOILNbEDE.

@rs eluemwouiener LWeETLbLSS
Geuglufiedled Sigom)| LOHMILD ELOEDE &) 6rl60T
Sienelemeor EUEMITIIM)SHSLI LILI6BTLI(bLD
Gmed upBlw Gasmiumligemeor HMD Lflbgl
Q& meiTemenD. QLIMHefledr Senelement Gnl&Hs
SI 0G (Wemmuiled LIWEITL(bHSSUILbLD

SIgLILEDL 160G GLOTED SH&LD.

Gwmed

yrflb &

QBTETOUSN S,

Gam_umiqemeoTLl
129

ummMlw
SMTL60T—12

2CenGLMINed STEUOTILIGBID ST ESe6rl6oT

6T 60016001861 &,
euFLonh&GeoTL

158.03g
LOHMILD

eur_Lrdwid enLGBrmBLoLIq6ed &HTevoTLiLI(hLD

CLPEDEEn M) &H6IT160T 6T600T600 & 6mSHUNEMEDT [HITLD

&600T&H &5)(HhBeurLD.

12 eTetuT6e00lB6m S = 1 LgQ60T

W
o |

12 Gurgnéset 12 Ubgiser 12 plidleraer

1 Gomed = 6.023 x 1023 o_1 Qn(BL. &6

158.03g KMnO,,

294.18g K,Cr,0,

uLLb 1.2 Gomed upmMiw GamLump

SiLLeuemevor 1.2. @6 Glomed aLmBerfled SmevorliLhld 2 L eMhL&6rledT 6T600T600{ & 6mEUNEME0TE &600TSHE(bSED.

TbSSIS . . . .
asmenemcL | O® g;suflg,g) S0 S0DF @m&mg&,erﬂsm )
. . . Sig00)| (16D6DEI) |  eTevOTEUT IGHemS = QLINHarfledT Hlemm +
611.6T600T ewn(perfleor ewn(perfleor . : . . . .
Hlewm cy)aaasmt_rj'lsm. 6)(H FH6{15S SIETT)| SH6DEDG| CLOEDS & M60T
ewwit (gram ) & 1Blemm (gram) ed 1Hlemm
(1) (2) (3) (2)+(3)
23 12 23
1. | smiuebr sigomy (C-12 12 1.9926 X10° =6.022% 10
@ ) 1.9926 x 1023
23 180 23
2. | @epdGsmev (C.H..O,) 180 29.89 x10° =6.022% 10
@ 61256 29.89 x 1023
. . 294.18
3. |eumiLndun 294.18 | 48.851x10°23 = 6.022 x 1023
enL &Gl (K,Cr,0,) 48.851 x 1023
. . 158.03
4, |GumLTALD 158.03 | 26.242x10723 = 6.022 x 1023
ewfonhis@eor. (KMnO,,) 26.242 x 10723

ewur’Lmdlwib
294189
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ST LI6OT
THITLD AES L EAE D
euFLonhl&GeoTL
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6T60TLIG 12 2 L QLINIHLSHEM6T C\STE00TL & 6T60T
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(SIS SHEIT (1) CLPEDEEn MIGH6IT (1) Siwievfls6i)

6\&MevuTL. E\UM(HerfledT Slememeud GMILLIL HILD
GLomed 6TenILD S1DEMSLI LILIGOTLI(HhSHSEDITLD.
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&He0oTLMleNemS  LI60TEUIHLD  6T(hSEISSHITL LG 60T
cepeold B Yiflihgl e\smeT@euid.

8w siflsGaiwmsafledd  eTm
eflevflafled smevorliLpdng (GomeonihHlemnm

13

60g mol™!), whemmerm yeflde Lmedled
sreoliLbADE (Gurerifern 90g mol!)
@aumnfledr Hlemm &a6lis Qemwiy C-40%,
H-6.6% ; O-53.4% siemeuserfledr cLpeodsnm)
QUMLILILIM(h&H6M6Td &600TL1)1&.

Brevorp GsiwmisEnD @CT F56is
SemWenLS OSBTEOOT(ETENSI. 6T(bSHEISSBML(b
Q)b &mey snevorLulL  ereflw  elds
eumiuunp, Seuelgetorty  G&FLoriserfleor
agaflu  eflély  aumMUIUTGSEHD 6ETEM.
eraflw efldls eumiiune, CH,O eraflu efldls
QUMLILILIMLIG 6160TSH 61&M600T(h &H6E00TEHEILLILIL L
Hlemm

(CH,0) = 12 + (2x1) + 16 = 30 g mol .

evflafled smeooriumd  B&To&Seor

eumLIIUT
oo Gomeomy Hlemm _ 60 _ 5
HeooTSHAILLILIL L ererfl 30
&g eumiium_ (b hlemm
o Ape&En Ml eumbiune = (CH,0),
= CG,H,0,

(218119.6 subleoibd)

2
g
6) X,V,Z SF Hevflorhisenend Q\SHTevoT(heTern
& CsiisdleTuLuLa|(pqeysafledlmhal
LfleoTeu(HLD SHT6y&6T QIUMLILIL(beTengl. Xx=32%,
y=24%, z=44% X, y womib z e 6l
SIe0)&5H6ledT 6T6v0TE00(HemS  (edMEIW 2,
LioHmid0.5 Sp&LD. (CEISHHET CLP60&En M)
Hlemm 400g)

)  eoflomuseT X, y OHMID Z 60T SN
HlemM&H606T& SHITE00TS.

seoro o

i) Gaiwsdleor ereflu edldla eumiumh
LOMHMILD

i)y  GamSHSe0r CLOEDESN M)
SUMILILILITL LG 61601 &H600TL M.



yefl&s umedleb smevorliLi(bld B&iTLo S dleoT
CLPEDE M) EUMLILILITCH

Gomeory Hlemm ~ 90

n= =— =3
30 30
CLPEDEEn M) EUMLILILIM(H = (CH,0),
= C,HO,

(0198 SibleDLD)

1.7 Geudl eflemenrs snmiseflen ellfso
(stoichiometry)

o_eorg) 68 1960 G &I HWINMT AFLEUEDS
B erliGungneug unidHmsHnmwn? Gasar
swnfliudled 2 eemr  (edDS6fled, 6
(pempuiemeorll LIWIEOTUGSS Spm &L CoHarfl
SWNfl&sa s eunpLserfleor
efleurib L9edTeUBLOMm:

Gaemeulmeor

1) Temeu — 1 &L
2) sI&sHemT — 2 &L
3) amw - 1/2 sU
4) 2_eol LILPralseT MHMmID LEBLIL&ST — 1/4 &Ll
SIBMeUF),

1 & gemey + 2 &l FidHemg + 1/2
&l QB + 1/4 &l 2 60 LPraiseT LoMHmID
U@BLIYS6T = 6 &l Gasifl

Gumaevorherer  eXleurriserfledl b &,
3 au Gaafl swnfliusnH® GCFHemeuwimeot
IHLDLOITED

WML &emerT UleoTeu(pLomm)

&6evoTHEIL. @WIILD.

. 1
| 50 gemey X%‘Eﬂ’@’ﬁ;? &L memel
E’ 2@5&&1

LIHMOTS, 3 SLI JT6MEUEMILIH 61SHTE00T(h
sy egiw Quwiepd Gssaifluledt Siemedlemeor
KledTe)BLOMM)| 860018 5L 6DMLD.

. 3
_6 sl Gaatfl :
6 &0 Gas I aiigene=18 & Gostf
Jd-stiremeu

14

ezl CumenBeu  CHemeuwimeor
LMD ML &E6fledT SiemelemenTujld HLOLOMED
&evorLml @uIID.
- -

—

185 Tem6
— we—

2 &l FI&HH6mT

e

-—
¥ &L G\

Y4 &L 2_60[ LILprhIs6i

W

6 &l Gaaifl
@hsd HHS(BL  (emmulemeor,
(105} Geudlelemevrudleot, Geudlelementd
samiseflesr  elfpmisHenerd  SHevorLmil

D  LWedTLUGbSSHeoMD. HBrése  ewmblufed,
stoicheion eredTUSM & SH6vTlOLD 6TEOTEYLD Metron
TETUSHNS SieT6l(h ETEOTMID ELIMIHET SISTEUS)
Geugleleneors snmisafler elflsomeoT s, &b
FOeTUBLSSUIULL Ceudl& swetuniiqed, Ceud
ellemenTll OUNBLBEHHG SemL Guiwimeor

6T600T600fIWIED QSTLTLN6me0TSH SHHEMG.

Geudl
Gamumiq emeoTll LWedTL(b&H S,

6Xl60 6075 8 M) efl&lg

&M SPIILL sene] eaflemerailenet
euUmd Gz emeulLmeot
elemevtLbOLITBEfledT StememeuGWImT  Si6beS)
ellemenTuh elLNherfleor SiemellemenTd 61&Me0T(h
ellemeotuiled 2 _Heun@L elememaLIMHerfleor

eI (H6m6IT

SiememeuGum 316116111602 60T&HEHIT60T

FLOGOTLI(bSGHLILILL. FLOGOTLIML L 60T CLPEDLD [HLOLDITED



&H600TSH &SI (LOLG.UWJLD.

Heoreuplo Ceudlelemevtuliement B &hH&IEeurmd

C(s) + O, (g) — CO, (g)

Bb5& sL060TUML1q.60lBH S, 1 GLomed &mTLeoT, 1 GLomed S &&lee0r cLpens n.mL 60T eXlemotLiflb &)
1 GLomed SHMTLIET WL SpHMNEDL S SHIHHMG). 6TEOTLIENS HILD SMbHE E&MeTSHELD.

1 Gwmed C =1 Gwomed O2 =1 Gomed CO2

= e160TD GO b, 'Ceudlelementéen m NHSLILILG O’ eTeTLSHEDE0TE SMILLIEDS.
171 Gauflelemernd snmieidlss &evo1éHE b6

6B FLTLIGLSSUILLL Geuglé &oeoTUML 196D, eilemerTLh OILMIHL&6T HMID eXlemeoraflemar
eunpLeeT pFweunrnEe BewLCuwwimenr 'Guored’ erevorettlldems  QsTLIUlemerr  Ceugl
eflenetsanm eNEsD eredTHEDMD. eflementLih ALMBLSET WHMID efleneorallener QLIMIHL S6rfleor
sienelemeor GLomed Si6bev & [Flewm Si6b60 & SHeoT Senedledr SigliLienLuied Gl eombd. SibepedTm)
160G SHEENLLD QedTHIEOITBHE! LOHODMTETBINHE MDD (LPIGULD.

Glomeony HlemmImed 6)&&HS® 22.4 L-246 OLMGES

>
>

<

h GLomeomT HlemmLTed OILIHEHS

<

22.4 L-246D UGS

155Bsevfletr 6riflded ellemetulement &IHSHHM E&Met0T(h, QihG LOMTMMHEIGHENET HTD 6N6THe

(W1 U|ID, CH, (g) +2 0O, (g) — CO, (g) + 2 H,0(g)
el6eme6uTLI(h OILIMIHLGH6IT elemevTeXlemen EILIMIHLSH6IT
CH,(g) 0,(g) CO, (g) H,0(g)

Geudleemens snm) 695 1 2 1 2
(&6OTTEBISH6IT
Bomed — GLormed OB 1 Gwomed 2 Gomevseir 1 Gwomed 2 Gomevseir
Beom — BHleon OSMLiL = 1 mol x 16 gmol™! | 2 mol x 32 gmol™! | 1 mol x 44 g mol™! | 2 mol x 18 g mol™!
BomedserfledT eretuTennflibema X 16g 64 g 44¢g 36g

GomeorT Hlemm

Heom - SHeoTSieTey OBMLAL
ellemeutLiy OUINBLS6r60T [Hlemdm
= Gomed x Gumeoni Heom &
lleverauneefler  sereierey 16¢ 64g 22.41, 4481
(273 K hmib 1atm sip&s5SH6d
1 Gomed sieTeyemL 6hE &
QMDD SIWLSHHS CSTETEBHLD
HEOT6MEY 22.4 6OILLIT S}&LD).

1x224L 2x224L 1x224L 2x224L

GOTSIETEY — SHEOTIETEY 6) 5
FETSIEIE ~ oSN AT 241 4481 22.4L 44.81
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Ceaudlallemerts smm 6fldls siqliLienLuieomeor
&600TH &S (h &6l

10 Gomed SibGoneoflwimemey ©_(HeUTSHs
eTHSH6m60T BLOMeD emEUDLT2260T BHemeu?

SioGomevflwim 2 (HEUTSHAISHETE0T
FLOGOTLI(bSHSLILILL. FLO6OTLIM(H

N,(g) +3H,(g) — 2 NH,(g)

Gom&evoT(heTen FLOGOTL(bSSLILIL L
FLOGOTLIML 19.60T SiqLiLiemLuileD,

2 Gomed SibGomevfliLimemey 2_(Heunss 3
Guomed emaLrReir CHemeauliLibEDE.

& 10 Gwrmed  sibGomesfluimeme

9 _(HEUNHSE.
3 Guomed H, 5
3

=15 Gomed emamL_ 06T GhHeme.

32 g 1558ser enflaalumbd Gung)
2 _(peun@Ld Brfleor SieTelemenTd
HE00THS(H.

CH,,(g) +20,(g) » CO,(g) + 2H,0(g)

FLOOTLI(bSHSLILIL L FLO6OTLIML 19607
sqluemLufled, 1 Guomed (16 g) CH,
enflaedleor Gumgy 2 Glomed (2 x 18 = 36 Q)
Frflenenrd sHEDE.

CH,

¥ \
(12) + (4 x1) =16 g Gomed™!

H,O
¥\
(2x1) + (1 x16) = 18 g Gomed!

S 32 g 55Bae01 eriflgedledr Guma)

36gH,0 2
4
16gCH,

=72 g Bewrs smEDE

3. L eeau s(ps5s Hemesefled 50 g
smeodwd smTuGeTlemL  (WhHmleons
erfllLGmed o _(Heun@LD SITTLIE0T
ML} EHEMEIVLY.60T SHEDTH6EY 6TEUEUEITEY?

FLOGOTLI(hSHSLILILL. FLO6OTLIM(H
CaCO, (s)2— CaO(s) + CO, (g)
GLom &H600T(H6ITEIT FLOGOTLIML_LQ 60TLILG.

1 Gomed (100g) CaCO; @ QeUILLLIbSSID
Gurg 1 Gomed CO, 2_meunéng.
CaCO

N

(40) + (12) + (3 x 16) = 100 g Gmed~"

gl el sSpsHs Hemeoserled,
1Gomed CO, ghe018 22.7 DILL SHE0TSi6Tem6
SIDLSHGIS ESTET(EBLD.

S Sl eelu spss Hlemeosearfled, 50 g
CaCO, g eeuiuiLpSgId Gurg)
22.7e0lL5 CO, y
100g Ca€O;,
2

= 11.35 o’ of CO, emeus SHHEMG

50-g-€aCO;

4. 273 K wpmid 1 atm Sipssddle, 11.2 L
eOlLLT HCl & 2 _meunsss Caemeuwmeot
&BenmiflevfledT H60T SieTEmEUSH HETOTL M.

HCI 2_(peuneusmaineot &Loe0TLhGSLILLL
FLOGOTLIM(b,



H, (g) + Cl, (g) » 2 HCI (g)
Q&BMb&HSLILILL 616U SH(1RSS [Blemeoulled,

2 @Guwrnedo HCl & o _@peunds, 1 Guomed
&CenmifledT eumy GsHemeuliLihH M.

signeugl 44.8 el Ly HCl 8 2 mpeunés,
224
GaemeuliLitb&M&l.

eOlLIT &Cenmfleor eumwy

&% 1.2 el HCl g 2_peunde,

224 Cl,

44 8 -HCI
4

= 56 Ly @Gemmifleor eumy

x 2 HCl

GamemeuLILi(bLD.

oW&euTAID SHMTUGEDTLIq 6D DL rhideTern
go6lls Bemwillenerrd
&HE00TL M. 90%
1 kg CaCo,; g eeuluiumsgd Gung
CO,
HBeomdHomdled &HevoTHSl(bh.

Sevflorhiserfleor
&MLIEMLOLITEDT

9 _(HeuUn@LD 60T  IHlemmemuwl

FLOGOTLI(hSHSLILIL L. FLO6OTLIM(H
MgCO,—2 > MgO + CO,
MgCO, et Gomeonifleor Hlemm 84
g mol 1.

84 g MgCO, 6 24 g ewéeofdluid
o eeng.

. 100 g of MgCO, &b

24 g Mg
——=—x100
S1gMECO. ) g MgCO,
= 28.57 g Mg.

signeug ewdetAsHerr FoH6is0
= 28.57 %.

17

84 g MgCO,; e 12 g amiuedr
o eteng
MgCO,
« J\
(24) + (12) + (3 x 16) = 84 g Gomev™ !

. 100 g MgCO;, ed
12gC
84 g Me€O3

= 14.29 g sniLedT 2_eeng

x 100-gMgCUO;

.. snjuesfledr eaefigp = 14.29 %.

84 ¢ MgCO, eb 48 g op&dlgetm 2_aeng
. 100 g MgCO, &

48 ¢ O
_ 8y 100 g Mg€O;
84 g MaCO; 3

= 57.14 g oy6dlg60m 2_eeng

. psdlgeileor eaeligio= 57.14 %.

FLOGOTLI(bSHSLILIL L. FLOGOTLIML LG 60T Lilq,

100 % gmuemwowimeor 84 g MgCO, ye018)
eeulLiLIGSgID Gurgl 44 g CO, 85 sBEHDE!.

. 90 % gmuemwowmeor 1000 g MgCO; &
QeulILILIGbSEID Curg)
- M8 909 x1000g
84 g x 100 %

471.43 g CO, 8 5@®HDG!.

0.471 kg CO, 2_meaundimg
1.7.2. elemeur&H &L (bLILML (b& &HMIT600f]

Geugl  elemenruilep,
2 _meun@o elemevtallemen QLML &6rl60T
SiomeofliLgled

Gamumg

QBM(b&SSLILL L

Siemelement &
&g
LWeTU(EUemS (WHemSWIL UMl U@SHlulled

Geuglelementéan m)



BMb sHEOMD. Ceudlellemerts saml efs
algliuemLuleonesr  Siemelementd  61&HITETOTL

efllemeoTLIOILNIBL&HEM6TS  OHMeTTh 6

6Xl6m60TUIT 60T ) H&&SLILbLD Gurgy,
SIEWETT HE) 6160 60TLI(bOLIM (THL & (6THLD,
eXlemevTeXlemer ILIMIBHLS6EMTS LMMHMLILIGLEME).
MMM, Geudlelements &M DIEAL
sigliuemLuiled  SiemwOWng  Serelemend
6\&ITE0OTL elemeoTLI(h CILIM(HL&BHemENdH
G\ &ITE00T (b, &Xflem 60T H&LP&SLILIbLD
Gungl, o meun@l eflewen  GuMHerfler
SI6IT6UITE0T &Y, 6T elemeuTLI(hEILIMIHET

Pp3edled ((peugId ellemeTubHNCSHT, SibS
6Xl6m60TLI(H O (TH6m6TEF
BevueflemetLh OUNHET 6flemenT OSMLIHSI
Hspaiensd &L bLLUGSSHHDS, & 6Xemeor
SLGLIUML (b& &MIT600f] 6T60T SIeM P& SLILILED &l

FMIHS  SIEWIDOWLD.

mn elementll  QUNEBHLS6T, OGS wimeor

eXl6meuTLl OLIMIHL &6 6T60TLILI(hEN60TM 60T,

Geuglelementss &n.m) IEAE)
Gamiumigemeor Y & Qs merern
LWedTU(bSH Sl 6QLIL|6WMLOWLITEDT Caarl
SWflésemen [5160)60T6) G T &.

aFled SOt uc L swimliy

(pemmuiledr Llg, @eleeun &l TeuneH@SLd
@uevorh & FrHsemTy CHemeullLpd. 8 &Ll
sI6HEMIWD, 3 &L Jeumey 2 eTer 6@
Hemeoenwd &m&HS. (UWn GCsemeuwimer

SIeWETHEILI EWIM(HL&(@EHLD T (bSHEOMTH
2 eengl) Femwwled GMILTedTLI, 3 &L Teum
OHNID 6 Sl FT&HSHemIUTemeDTl LIWeTLI(bSS!
18 &l Casflullemerrs swnfleés Quieib.
BOWILD nbdeonsd 2 &l sgrésemnT Qmhd
Gurgled HOWTE &nbFHeons Casflullement
swnflss Suieongl. e6leurenfled, Teum er&ib
HOOLD Beéeme. ereTGel, @bHlspeded
swnflesiumd Casarflulleor ierelement meurm
sLGUUGSSHNE. Bbhs eLlsnuieneor,
Heoteuqplo  GeudleementdE  HLIgIGUMLD.
cpeorm Gomed FeoLTMeOTH  LisdTenf T 6v0T(h
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Glomed Ljcerpifl L 60T eXlemeotLfiib &)
FOUTOQNHEFT  LEHeWTeDL 2 _(HeUTHSD
S &HSLILGIADE).

BeueflemeTHBMTOT  FLOTU(bSSLILIL L
&LDGOTLIML 60T &)

S + 3F, — SF¢

Ceudlelementd &M elds

g LuemL_udlev,

1 Gomed sebu, 3 GLomed LiearpifleT)iL 60T
ellemeorflibgl, 1
LeehewTemL S SHHME. ereorGeu  coeoTm)
Guomed geoud, 9 Cuomed LeamifleniL et
eflemeoriflib g, cpedrm GLomed FeOLT QD&
LeapenTenL s SD. b Criele, ebssis
QSmeTeLILLL SIWEVT S & FeoLT
peo&HenSHEbD  elleneryfibs ellLgmeD,

Gmed  FOLTOQNSET

Qeielemerr QFTLOMHGE Hopeuens seoLT
SLOUUGSEHFME eTeorGeu sFeoLT 6flements
SLGUUGLSSHID snrevofll  MMID  Leersleor
Bl@dlwner &mrevoll Hp&Ww. cpeorm Glomed
yeepifleor l@Hwins  erepdljerengl. Gogid
Bemeu elemeotLfleudledemen.

7

7) @m eflemeruledr SLOETLILSSHUILILL
FLoedTLIN( SBLY QBT (bSHBLILIL (b6 g

seoto o

2x+3y > 41+ m
8 Gmed x speorg 15 Gomed y 2 L et
eflemeotLfl S0 SlSHaLILGbLD Guns),
i) 6XlemeuTSH &L (bLILIML (b SNT600f] 61817
i) 2 _meun@L elemevrelemer

eINHL&e6rfleor Semelements &600T&EHl(he.

i)y  ellemeorufleor @myFluiled, LIGHwins
eTehFUNHEHSLD eflemeoTLheILIN(HerleoT
Slemelementds HevOIHH(b.

wpflwim, eUTZHIeUTS LW6EdTLI(hSSLILIbLD

6MHLINMET  SlqLILEMLWINSHS  \&HT600TL



& 2_mb. @ ubGomeflum HMID STTUET DL Jp&Hemenh HHW ellemerr ALMIHLSHEHHS
BenL Cu fla g Weteurpo Geuglefleneoruiledr ceold SWMfl&SILIGEDSI.
(@)

2 NH, (g)+ CO, (g) - H,N-C-NH, (aq)+H,0()

wp fluir
QW eswewenpuled, 646 g swGuneflwneunerg, 1.144 kg CO, o Ler efleweoruflu

SO H &SI (b, up i ©_HeunssLLIbEDS).
1) Siemersg eflemenln OUTIBHLSEHD, (WP(QeuSIoTs elemerulled FohLbeugHlevemen  erevflen,
eXlemeoT S (bLILIML(b& &MTevof] wing|?

2) 2_meun@Lb u}fluinelerr sienallements sevorLmils. Goaib elemeoryflwinoed WGHuwins 2_earer
6160 60TH ST 600flemWIS &600TL M.

FLOTL(bSSLILL L FLOEOTUN(, 2 NH, + CO, > H,NCONH, + H,0
lemeoTLIHOIM(THL_&6IT elemeoTelemer GILIMIHL &6
NH3 C02 %Eﬂu-"'f HZO

Geudlellewenrs &nm s GeooThiseT 2 1 1 1
aflemeotLifll SienIoFH&HSLILIHLD 646 _ 133 L 1144 - -
elemeoTLbeLITBL Seledr Glomedaerler 17 Guonedmer 44~ 20Guwndser

eTesTeOllHEmS Hlemm

GuomeomT Hlemm

eflemeotufledr GuTg), eSl6n6oTLI(HLD 38 Gunevssr 19 Gunevser - -
Gomebserfledr erevorevnflGema eXlds (2 : 1)

o_[Heun@Ld eflement eflemer QLIMHL S6ifledr - - 19 19 Guonevasr
GuomebaerfledT erevoT600 H60EH Gomevaeit

eflemevrulledr (Lp1q6xled, eTEhdlilaarm - 7 Gonebger - -
ellemeoTLGbELINHL&arfledr GLomevaerfledt

6TE00TE00T1SH6M .

&iey :

1) Beuelemeoruiled SubGomesflum (pgeugId ellemeTLbS Mgl ereorGeu SbGomesflwm  eXlemeor
SLGUTL(b& sMrevtfll @t. CO, wpeugio eflemeotflwimoe erebdleeng) ereorGeu CO,
OSGHWITSH 2_eiter 6Xlemedrd SHTTE00fILIMELD.
2) 2_meun@Lid uyflinellesr siemey
= o_euneot uyfluineileor Gomedaerfleor eretorevoildbema X wyflwnelleor Gomeomt Hlemm
= 19 Gumedaer x 60 g mol !
= 1140g=1.14kg
eflemeorLyflwimoed erehljeirer CO., Siamey
= erepeiren CO,, Guomedaerfleor erevorenoilbema X CO,Gomeon Hlemm
= 7 Gumedser x 44 g mol!
= 308g.
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1.8 &HHARCaTHD - QLSS elemeoTser

QM pUdemer BMIGHH  eDEUSSH
dnfls Crossled, oigeor Hnbd LRLUTS
wrnIo. @nH% BEDLIHDSHDSTET  SHTT6T0TLD
2 m&Eps&S sflywn?  o&dnGarmmid
eTe0TNEmPS&LILGBL Ceudleement HlospeuES
8smns et
BD SOOI eumpelled, @&HHem&HW LD

&M 600TLON & SiemEMF).
&8lnGarmn ellemenser H&eUEmS HILD
&MevorSGmmD
ThSHHSHSHTLLMTES,
1) LPG eumy erflgev, 2) SmLoy
slipuily s, 3) eum 2 ufflermigerfle,
&sMTGuremamL_GrL (h&Her 358l BGeThMLD
SIEWLIHG SHMTLIEIT DL S&HEm6nh, B LHMID
SHNMEMEDS SH(IHLD 6X6W6ETHEM6TS o MEDITLD

S &8lnGearmHm elem 60T &H 6T
Blawb  Gurageveond, Sp&HFRETT(HES
eflemeutoHEBD 2 L6 Hlapdleorment ereorGeu
Bszemawl  elemendHem  p&HFARCTODH -
(b5HS 6leMETTSHET 6T60T HEMLPSSLILI(HE6OTDEDT.
358l emenT
eman Inemer BEGHH WEHARCOTHOLD
eTeTEYLD, eMADLTRMENT GEFIHHL SIEDEOS)
apbdigemer BE@H0 HHD  eflemeuraer

SR ODTT(b&HS

Gs11 Hge0 31606 G|

elemeuTHeT 6TEOTEYLD
(WHemsW oL e&meTensulledr SigliLenLuied

SIEWLPSSLILIL L 60T

i8

uLb : 1.3 st eumpeied SpHetlgGeorHm
6Xl 6w 60T H6IT

KleoreupLo E(H6X6m60THEm6MS &H(IHEIS.

eflemeor 1 : 4 Fe + 302 -2 Fe203
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eflemenr 2 : H,S + Cl, — 2 HCL + S

8y LBoelemarsEbd &HARCaTHM
elem 60T HETT GLD.

@y sGUIY SSRGS SMITEIIONS
Siemwb (paeomeus elemeruied 2 Geons
@yL e &gt Cerdngl. SrevorLneus)
elemeotulled, eMEDLITNENT  F6LEWLILYEIHHSI
6M EUDL_IT £360T BéSLLGADE. 6ThHS
eflemETEILINIHET QbHHLDLEMS ETETLENSHEH
&H60oTL M ?

Hetreulo @@ eNlemerTHemensd &(HEIS,
Qamrled WemnmBW &Nt  BHSBPLD,
emaDLIRer GCsIi&emsWD HeOLEOLNEDE.
Bssemal  efleneTaHaT QbHS 6fleneTaH6T
6T60TLILI(HLD.

CuO + C — Cu + CO (&uflé syéemeniqed
Boha b fiei)

S + H, - H,S (sebumLetr emamimeeor
BaT&HsLILbSED).

H&YCOTHD - QBbHS elenerTsHer
60 QDL [T 60T,
elemeuTlIL(blD EN6METTHETTS SHEMLDEUS6D6DED.

erliGungd S &&lggetT
@& Gurmettn Hlalpeysefled er60&HLTMe0TS6Il60T
sigliuenLuiled @eueilemevrdemer 66m&HEHE0MLD.
Qussd  sARBaHID
6TEUTEYLD, ETEDHLIIMEMET GMMI&H 6IHTETEHSH6ED

6T6D&L_[TT6m 60T

S 511D (H&HBHLD 6TEUTEYLD SHEWLPSHSHLILIbEHMS).
T (bSHEISSML (b,

Fe’?* — Fe’* + e (eroslonedr @psse —
3 58lnBeThHMLD).

Cu’*+ 2 — Cu
CIBTETEHSHED — S HFQ DT (HEESLD)

(eTeO&LOmedT MM

5dAnCarhn - Qb&HS 6flenersemer
2 58l@euThM 6T6v0TEmE0OTLI LIWLIEOTLI(bS S H60TE
elen& s (LlquLd.



an) Gon@Getmiler LHMID Sy&ARET SL S50

R STHmled drlgeney &mevorliLbHDE) HS5FARCOTHMD SlewLEMG).
m— 508 Boborab o0 .
B @mwenu sGUNgEsS FWEDET®H [HESESHS6emLD:
Qo 2 .
- Q&u"‘fﬂm@ Sf'g’"a"@] 24 &leg60T e Gon&GermieniLedr
. . Boounerg  Fe 2E a1 weopuled  NenETTISSHILGADS,
35 8lgGerHmIenL M. S} 60TITED, .

. ; S} 60TM6D FUWIEME0T(h Oerrm
mieoTuoelledmha 2hddlgemeot Fe2* . . . .
e (wpemmuiled L96m600TSH SLILI(HEUSDTED,
HassEpsHGL  WpHHPemenr  Q&HMEvIT(D @Gwng@fﬁnnﬂ@.jl_sm . .é‘;baseﬂgsm
ageoad  enGureGearmiefled 2 eier Hlewewr& SLILIGbSHE 5GESILGSDS!
Fe* gsipUilgludleene. @s5H& &MIeuoid @g,e.mrra) . ) @smuuﬁg.aﬂiaﬂ@rj,gj,
ETEOTEOTE16UEITM) HRIGEHHSS OSIflIon? HEsHEhsS, PHIAGET  HLHSLILIGIS

FNSsiLbADs. @ST  SMIEUOIoNS
@snoeneor udled, anflGorEGetmiefledr Fwiemeot(h o _Le&MevorLeul elemreunsd

6lq eUemLOLILTED o _eieng). @3l6d orevoTOEmL SMML.
BHI60TE  HIEMETOT  ADGSH6T 2 _6T6meDT.
66)EEUM(TH DG Uy emufleor
EUEMEITULIH DS (@mLb) 2 _aenLSagG).

aflb oyeorg  YGomiweedr — &rhisledlL 6ot
(&Cemmiledr) SemevtiSGHLILIL(beTang. DbS
aulq 6uEmLOLILIMEDTE| Fe?t e emiowigdled e\emetorL
6T60OT(LP&  6UIq EUEMLILIMEGLD. EG60T HTEITE
(pemeDTEH6T  LMTemUfledl  EUemeTUISHIL EILD,
obhsneus Hlemed amfleniglqeofleor @l Gamed
EUEMEMILISHILEDID  SeMTuTHSLILIL(HETETE).
SHoreaus) 15160 60T 60T &) )&l em 60T
Uemetoréall  LWETLGLEAME.  OUTgeuns,
ailfled  2_eitem Fe’t oyeorg erefldled
3 581mGeThHMLD SIEWL IS8 LG UIG).
Fe’tey  aipmbaieien @Gemmiedr LGmmLliesdr
shifedlneorgl BT QMGG &M
SHeusTe, Fe?' y5dmGarhmbd SiemLeug)
&Lq.60TLONEUTSTEM ). T6vflemIld HIaTGHTMID 3%
an Gon@Germiler awsHH G0N &Garmilerns
(e Bon@Germilesfled 2_eitem by Fe’ ™ 2p&

1.8.1 o&68lgnGarnHm 6revor

®wm Gsiwsdled 2 6aen @ GUIIILL siemeleners HalisHg, 9D SiesnisHesener,
SieUNHMIE0T EUPSHSHLONET, SHSHFALCETHM 6TE0TEMETTS &H6voTLMleusnameor Xl serfledrLig. [HIf 6ToTWILD
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QFLIWIIUL L 2y &8lxnBeaTHm Blemeouiled
swesflsemns HeHdHw 1Neoteor, HGSOIILL
sison6fledt &) eTehAWNBLILSTHE SIBSLILI(LD
LiletTEemOCGIL SihS SisomielledT S&FLGeTHD
6T600T 6T60TLILI(bLD. Sh&FGeoTHm 6T6v0T600 M &

wLIOOTS  Wp&HHARCTOD  Hlewed  6T60TD

6UMT HEMSWILD LILIOTLI(bSSLILGED &)

268 mCeThM 67 600T 60 60T

&evorLnleusmnsneor 6l ser

) @0 B60115 seofloddleor
(o1zmeus) Geuemns HevfloSHIL I
Wemeoorh Sl (hSH&MS Hlemeouiled)
258l @Gevtm 6T6T0T I EQUILOMSLD.

THSHISSML(b :

H,, Clz, Na, S spdflwereuniiied smeworLiLihid

SI600)| 8> 8611607 &AnCethm  eTevor

I EQUILOMSLD.

2) gueveieners G&meoorL  Siwlevfludleot
58nGarhm  [Hlewed ereiTLIE  HS
siweofluiledr Waleer HeT LOl6TEHemOSHSHEF
&LoID.

THSHHSSML(b :
Nat swesflufled 2_siter @&miq gl eor
2 &8lBeuTm 6T6v0T +1 S SLD.

Cl- sweofluled o _eiter &Gemmiflevfleor
S &&lgGeutm erevor —1
3) @b Cp&HERIld 2 6TeT  SIEWETTSH
SI05E6TIE0T  Sp&HFGeoTDD  6TevOTSEI leT
BB  LHBUIONEID,
ouNmeseuemnIuled @5 &obded LFIL]
siweoflufledT LogyeTer BB LOleOTgHEmLOSHES FLOLD.

Siwieoflesemen

THSHISSML(b :

H,S5O6v, (2 x H - o1 ayéélgGenbm
erevor) + (S — 601 Sy&HERBeoTHM 6T6vOT) + (4 X
Sy &dlgevfledr 94&HmBeothm 6revor) = 0

22

8042‘ 60 (1 X S—e01 24&HFRBeOTHM 6T6TOT)
+(4 X O-et1 H&5FARCeoTOM 6T6TOT) = —2

4) 2_ G0  emaMLemI(bIemend ST
Um ST H & Gawrisefleid
smanLTgefler H&5HAnCerhm erevor + ,
2 _Beond emamL eI (baHerfled 6mamL Ieeor
-1 9568xGerHm 5l em 60 em W &
C\&IT6T0T (HET6I &l.

THSHHSSML(Db :

emanLrnear  GGemtnemmiged  (HCI),

e Teeufler S4sFn@ermm erevor +1

smamLemriqed(NaH),
emaLTeeufler S4sFnBeormm erevor —1

Gamgqwib

5) SIEW VT HGI& Gayomserflaid
LicerpfleoTIT60T &I -1 S &8lnGeaTHm
Flemeoullementd Q& M6ToT(H6TETE).

6) ewpbumeonent G&TLorhiserfled Sy &dleeiT—2
258l GetHm FlemeouilemenrLl
OUDMIETETE.  OLTTSHEDED(hS6T,  &sLILIT
S HeW6bSET, Lcabifleoflledr GaFLorhiger
SpFwenr @zsnE e F e 0 & & M &
SI6MmLD&60TM 6DT.

TbSHISHML (ST :

Sy &Fgevfletr oy &g GeoTHm 6revor

i) Bfled (H,0)-2[2(+1) +x=0;x=-2]
ii)

emamLTR6r eurmsensviged (H,O,)
H,0,

2(+1)+2x=0;
=2x =-2;
=>x=-1

iii) KO, Gumettn gliLT Spéemenbeearfled
1

2



+1+2x=0;

i

2

iv) ep&dget emLyenenmiqed (OF,) + 2.

x+2(-1)=0; x=+2

2x=-1; X =-

7) oemensdE Gawrseflgid, &mm o Geonsmsdr +1 Sp&AnGerHm  Hlemeouleneob,
&nwetor 2_Geonsraiser +2 sAnGearnHn Hlemeoulemeotuld QLM MmI6TET6oT.

G ésevorbemen elflsementl LIIETL(bLSS &S Gerhm eTevuTementrd: &e600T&H & (hS6eD

2 68lnGeuTihm 6T6v0r
eueretor | &evorLmilul Geevoriq Ll BaTiolb HEOOTES(h
S60floLD

x+2(-2) = 0

1 C Co, . _
2+ 1) +x+4(-2) =

2 S H,S0, 2+x-8 =
X = 416
2x+ 7(-2) = 2

3 Cr Cr,0.> 2x-14 = -2
X = +6
x+ 2(+1)+2(-1) = 0

4 C CH,F, . _
x+ 2(-2) = 0

5 S SO

2 X = +4

4 58gnCerhn erevor sigliLemLuled SH&ARCOTOD - Qb&HS 6flemeoT 6.

56BN - QLSS elenersefleor Gung, Sevflomsefler p&HARGeTHD 6r6vor
wIOHPWenLEDE. Quheleneruled, Qb SeflosdHler HpesAnGearnHn erevor SiFl sl @ELmulleor
sieuelement Sy&nCeaTHm 6Xlement eTEuTLILIHID. SHSHHARBeTHM 6Tevor GemMujomuiedr ieveilemeor
S &HFQETT (bS8 EXlemEDT ETEOTLILI(HLD.
LletTeupLd elemeoTulementss &(Has.

&5HBeTmM 6T6vorT A S —

‘ 2 &lxBeaTmmLD ‘

SHEE @ O

2 KMnO, + 10FeSO, + 8H,S0, K,SO, + MnSO, + 5 Fe,(SO,), + 8H,0

T &L GeTHM 6TEvOT
&EWDSHE0—HSHFDQAETTT(HESHLD
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eurCLrdwib
(KMnO,)
eurgey FeoGuULemL,

BeuelemeoTuied,
QUM &GeorL1q.60
(Mn) ,

o _eiten
LD MR &60T 610
(FeSO,)  ewifls seGuins(Fe,(SO,),
2 58lgGeThmLD QFLIUSH &
siemwdng. euelemevruiled

SemLIE
SHITTEOOTLON &
LOMThIGET 6 Wh&| eTeLSHLTMETSHemeT ehmidh
Q&BMEIh  QRbSSLOLEADE. S50
eflemeTLIOLNBL&E6T HSFARCeoTmMse6T 6r60T

SIWLPSSLILI(HE6OTD6DT. Bemns1BuUTenCa,
6T6DSL[TIT60T & D6 sl S &dlgge0r
RLEE5HDG &6 600T Lflujio

NeneTLIOLTBLEET pHIREOT  QbSHEIH6T
6T60T SIEMLPESLILI(HE6OTM6DT.

1.8.2 o56dgGernm -
&l 6w 0T H6rfl 60T 62 6W & & 6T

KbEHS

S 68nCaThD - QbHS 6leneTsemer
LledTeuBLOMM)| 6U6MSLILI(HESEDITLD.

1. @emevord elemevtsen: (Combination
reactions) :

Snevorh elemenrLl QWIMHL &I
eflemeryflibg @@ GCoiwdHdHlenersd S
&R COTHD — (b5 6l M 60T & 6T, B EWETTTILLD

6Xl6mE0TSH6T 6T60T SIEWLPSHSLILIHEEOTMEDT.

T(bSHEISSML(b:
5B MLD
0 +4
C+0, —_— CO,
0 -2
T S &FROEDTM(HSHEHLD T

2. flem & 6uemL LD eXlemeoT &HeIT:

(Decomposition reactions)

®wm Gsiwb, @netorh  SiLEE
3iBH& CULOHULL &nMmSHeMTs FlemgeUemL LD,
S &8lxnGearmHm b&HE eXlemeuT SHeT
lemFeuemL b eXlem 6ot SH6T 6T60T

24

SIeWLP&HSLILI(bSHOTM6DT. BevelemevTsH6rT
Bemevtnld 6XlemeoTdEHEHGS GHITLOMMITEOT6m6L.
Beieuems eflenensafled, Qb CaIwHSHl6

2_eitem @mevor(h GleuelGeumment SevflorbiserfleoT

2 58lgGethm eTevoTHerfled LOTHMLD
aDUGEDEI.
T(bSHEISSML(b:
45z BeoTHMLD
-2 A 0
2KClO,  ———>  2KCl +30,
+5 -1
T S EFYOETTT(HSSHLD T

3. @LUeuwr&d elemevt el
(Displacement reactions)

68nCeaThD - Qb&Hs eflemersarfleor
Gurg, @@ GsILSHHeD 2 6TarT QI D)
Sib60FH Sl HODIIH OV VS
siwesflwumed udleSh OFLIWILILILLTED S15HFH6m &I
elem 6ot SH6IT @Lleuwigsd eflemeor &6t
eTeoTLILb&l60Tm6ET. Seueilemeotsmemen GLOID
i) o Geomas @LueuwTss ellemevraer i)
2Bens @Lueuwisdl  elemeotadeT  ereor

UM SBLILI(b&HSHEDMLD.
(i) &_Georra @LUeuwT&FH eflemeorHer:

& SH6eToTevNlg. SHeveufled B SHs SmOIT
g60@uL (Copper Sulphate) &emms6m60 6T(hS 515
Q&netu(h, SFlL HSHHHNS (Zinc) 2 _Geons
SHSLIGEMETT MEUSHSHEYD. HEDTFMED 2 MM
Crnésa|b. Hengsedet LT Heo HimsHleor
eanley &EMDUIS &|6UMRIGLD.
Sniuied Hmd WHMleIDd WenPMHSHIETDbLD.
85155b1e 2 Goonsd Hollgedr g ULy
LS BLILENSE
&mevoreond. @bHlapey HewLaUD LiedTeuHLd
2 Beonsd @LLewrddl eflemedt &MT60OTONS

QogIeUs

Bn smoy 2 _Geonsd

M FHD &)



&HxnGearhmLD

| v

+2 0 0 +2
CuSO, (aq) + Zn(s) —> Cu(s) + ZnSO, (aq)

EFQOEDTT(HSSHLD T

ii) @18ema @LUeuwrsd] efleneorserr:

2&68lxBaTmMLD

! y

0 +1 +2 0
7Zn + 2HCl —— ZnCl2 +H,

I 5 QEDTT(HEHSLD T

4. elHp&dlemd 6 6lemeot 6l
( Disproportionation reactions)

deo  sAgGearhn -  QOLHS
ellementaarfled, G Gsiiob, S&HdlnGarHmD
LONID RSARODTTHSSHD  @T6evorgnHESLD
2 Lupdng. Bssmaew  elemenserleD,
a@Cr seflosdlenr &dlnGerbm  erevor
1 sflEHSH6YwD, &6OMUWEYLD QFLIED &)
B55maWl eflemeoT 6T ldlasdlemngey
6Xl6m 60T & 61T 6T60T SHeMLPESLILI(HE6OTM6DT.

ThSHHSSML(D :
2&68xBaTmMLD
-1 -2 0
2H,0, —> 2H,0 + O,

I S SHFRAEDTT(H&HSHD T

2 68lgGaTmMLD

| !

0 -1 +5
3 CL, + 6KOH —> 5KCl + KClO, +3H,0

I W SHFREEDTT(H&HSHLD T

5. eTeo&Lomeot Ufllonmms Hlmeor
ellemeorset (Competitive electron
transfer reactions)

2 Goonsd @LUeuwisd efemevrserfled,
My s0CUL HemTsedled[BhHal, SOTSHemS,
SISSHTEHLD
o2 Geonad @LUueuwisdl elemevrserfled [HILD
&OHOBIHESMD. @601 erdliTelement HlaLpEADST?
eT60TLIEMS HTD C&THlSH& SGeunid. (eoreorGIT
eflend i QFWIed(EemMLILILY, HISSHNS
s60CBLL SHeMIFMED QIH HE06uTled 6T(bSHSHIH

@Lleuwrsd e FILI6NemS

Q&Me00T(h, HMOT HEHLIGEMEOT DiSHHMTFE0I6D
MEUSHSHEYD. FHMOITIONEOTS, HISSHTH F6OELIL
&emIFe0IE0(BIHE, HISSHTHHMS SLLITES
asLEméELomuller, Cu’t suefser senrsaisd
BhdHmeHs Geuetorhd. BFHeoT ellemeneuns
HEWIFD [Hed [HIMONSG  MMHMEDLHHHEHS
BeuetoT(hlD. SHE0TTED, DSHHEMSILI  LOMDHMIEISEIT
ggib  Hlspeugledemen.
LOMID HISSHTHD SpéW  ETEvoTLqEWEDTILILD
UL EUNEI, HISSHTHLONEOTS| 6TE0SLITTE60T

ereoT@eu,  SHMOITLD

Bu&ssb  serenouilemeotd,  SMLOITLOTEOTS)
gD&SLD
GLIDM)ETEN ) 6TE0TM) [HITLD (LI9.6)] GIFLILIGDMLD.

6TED&L_ITITEm 60T H60TemLOUTEMEOTLLD

Geueerf
embBL Bl (Silver Nitrate) semmdedled, SO

GomsevTheTaTeurm)

SHLIEmET  emeusHg elemert  aGHenD
Hapdnam ereor umMTLGUMD. Fnfle G
s068 LNeiTeoTT, HEOIFED 6IOFIEUTSH [HED
Bowns  wwrmsgeuki@h. Cuz*  swweofleer
Hemgaedled GFTeuBsH BHM @& SHNTEUOIOMELD.

e6ueierfl
HemIFdled 2 _aTem  GeuaTeflemwl, SHOITID

SiFNeug), Col ;T E [

@LieuwrEd asdng).



S &dleGeormmLD

| !

0 +1 +2 0
Cu(s) + 2AgNO; (aqg) —> Cu(NO,), (aq) +2Ag(s)

I &5 F|Q160TM(H&HSHLD T

SMOITLD LoHMILD E6ueiTer] S SHlwieunrsH &
B Cw eflemarsdHmement GLIbBLEUTE,
BuoEb
SHeoTemowllemeoTyldD, 6\6u6Terfl  6TEDSHLITITEm 60T

SMOITLD 6T60&L_[TIT6M 60T
gn@L SHeTemouilemeoTld  QLDHMIETETENS
G &evorheiten eXlemenT 2 _600T S&ISD .

Gom&evoT(heTern Bangemeor
(P 656fledl b &, §ISSHTHLD, SMOITLD LHMID
Geueall AW 2 _GeonsMhisEnoHEenL G
Uilpd Gurng, ereosLomement Geuarluiipid
FHmedr edTeuHD euflemsuied SiemLophEI6TEaTS)
6T60T [HMLD (LPLG6)Y GIFILILIEDITLD.

HIHSHNSD > SO > Gleueer]

2 GeonanseEehdsd®  SemLGuiwimeot,
eum|euSled
GLoM &6T0T(h6ITeN SHE0TEMLOWITEOTEI, SHTeLEUTE 1S

6T 60 & L_ITIT60T&H 606IT 9 _eier
LOl60T  HEDEOTHEMET 6L EUEMOLILIFIED LSS

LILIED)IETENSITE o _eengl. smnedeumenflé
Weordevenrdemartl umml XII b  eu@Llided

efifleurs &mHEUMLD.

1.8.3 &dfgnCGarmm -
NleneTHEHTEOT  FLOGOTLIM(HES 66T
QFILISHED:

RbEHS
&LD 60T

S 58lCeTHD — Qb&HS 66w euTSH & M6t

Geudlsd  FLETUM(bSHEMET  FO6OT  GIFIIWLD
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Bm(pemm&aT LedTeuIHLomm).

i) 2 &8lBeTHM 6T6T0T (PEmM
ii) owesfl - erev&LOMedT (PeM / SiewO
eXlement (Lemm

S 568xCeaThD — LEHS ellemerserle,
35810060t (H&EWITED Bs&sLILpo
GTEDHLIMEOTHET60T GUOMSHSH  6T600T60011Hm S,
&R CeaorHBILNEd anmis ESHMeTeTLILIHLD
GTED&HLTMTEOT&HET60T GIUOMSHS 6T600T600f5H6m 58 E
gown@. GomaetorheTem @@H (LPeDMEHLD
Bs5586u5Hle0T  SuqliLemLuiled SieWOHGI
9 _6iT6menT.

&) &8gnCarnHn 6r6vur (emM:

Bib(wemmuied, ellemeotyfleusn &
Wetteor@po,  eflement  HlsWHe  LIDEGSLWD,
SHeuflorhiserfleor 258l BetHm 6T600T
&60oTL MWL A &1 5607 cpeold eXlemeoTuileb,
FDMISOSBTETETLILLL. HEDED Buhs
6T60&HL_ITIT60T &6l 60T 6T 600T600f 8 600 & U5 60 60T
& 6001 &L 6DMLD. 3iHled oer|_&&HHl6D
eurm_Lrdwib QuUFLOMRIHG60TL L Ied
euFrevgFeLGLIL 358l GeThmLD
siemLWD  efemeruiementd  &HEHIGeuMLD.
B 6l66m 6018 56T &Lo60T QFLIWIULTS
FLO6OTUIM(h,

FeSO, + KMnO,+H,S0,—Fe,(SO,), +
MnSO,+ K,50,+H,0

Lg: 1

S &8lxnGarnm 6T600T 60 600TL
LWeTU(b S S, 358l GeTmLD
LOHMILD S 5HE1Q DT (H&SHLD SieWL LD

6l emEDTEILIM(HL & 6M6IT (SIETNISHEH61T) &600TL 115



2&flxnGearmmLD

! Y

+2 +7 +3
FeSO, + KMnO,+H,S0,—Fe, (SO,),

+2
+ MnSO+ K,SO,+H,0
a) @bs GTEOSHLINETHEMET  GDHUSTED,

KMnO,, b 2_eitem Mn 601 58G6mHm
616001 +760lBH &I +2 S5, GeDMEME.

b) em eeslgremenr wlusne, FeSO,
60 2 6o Fe 61 &HFARCeOTHM 6T6vOT
+260BH & +325H8 HleHSHEDE.

Lig: 2

IM&LILI(bLD 6TEDLTME0TSH6EI 60T - 6T600T600f 16 6m &,
B&slinpd
6T 60016001860 & &G

6T60&HL_ITTE0T &H6rfl60T
&LoLD GTE0TLISHITED,

LledTeuBLOMM)| OSTLTL{6ML I 6UMLILILITL LY 60607

H5GHS  CTEOUTETONED GMISGS ~ OLGHSHSLD
QFIIEH  GTEDSLOMEITHEMET  FLOLILI(bSH&IS.
eflemereflemereiun@per Fe,(SO,);  aperg

B Goned @@LDemUS E\SBM6E0oT(haTanHmeD, 1e”
LOHMID 5e” SHemer ET6TTLMed QLIHSHSHEYLD

+2 +7 +3
FeSO, + KMnO,+H,S0,— Fe,(SO,),

S .
+ MnSO 4

le x 2 5¢” x 2 +K,80,+H,0
2 10

10 FeSO,+2 KMnO,+H,SO, —

Fe,(SO,); + MnSO, + K,SO, + H,0

uig:3

5 RCOTHDLD/ S5 QAT (H& &L

SWLIHS / 6lemeoTelemaTOLIT(H6m6T FLo6OT
QLS.
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SMN&HS UGSSD esls e,
ellemeotUh  GUMHL&efledT  SigluemLuied
eflemeorelemen QUNHemeT (S &FGeoTHMLD
| SHIAREDNMBSHD MLHHEM6EU) FLOCOT
FLO60TLIM(h

\FWIWLIEYLD. Gom&evoT (berTerT

SledTeuBLOM M) LOMHMLOEML EM .
10FeSO,+2KMnO,+H,SO, — 5Fe,(SO,), +
2MnSO, + K,SO, + H,0

ug :4 H wpmio O emeus sefliss Um
HeuflLorhI & emelT FLoeoT 6\FILS%. hd CHTedle,
B Kiopmib S & soedr el Geuesorbld
gyeormed K G &evoT(heTerTeurm)
ST Geu FLo60T AFWWILILIL (H6TeTS).

ellemeoTL(h QOUNHET :
FeSO,)

10 'S sigmisser (10

elleneotailemer aLMpeT: 18 'S’ Sigmisbe6T

5Fe2(SO 4)3 +2MnSO, + K,SO,
15S + 2S5 + 1S =18S

ereoT By, elemenTLi(h OUMIHET L@&SHlulled
8-S sigmisseT Gemmeuns 2_eang). eTeorGe,
H,50, & '8’ 9460 OLmESS.
10FeSO,+2KMnO,,+8H,S0, —5Fe,(SO,),
+2MnSO, + K,SO, + H,0O
ug :5
'H' opmid 'O’ sigomiseemen sLo6dT QLS.

eflemeotuh  eunm@peT UGS '16'-H
sigmissar (8H,S0, i.e. 8 x 2H = 16 'H')

eflemeorelemen eLM@peT LGH 2' - H
sigmibeer(H,0 ie. 1 x 2H =2 'H')



ereoT(B6) elemare\Lm([h6iT H,0

CPEDSHER MM '8 - 6D EILBHES
10 FeSO,+2 KMnO,+8 H,S0,,
J

5 Fe,(SO,); + 2 MnSO, + K,SO, + 8H,0
H6dlgar Siem sremmesGel &0
QFWLILLbeNllL &l @8IC6u ST SSLILIL L
FLOGOTLIMLM@GLD.

Siwievfl — eTe&HLIMEIT (WM

siwevflser SLbeumid SpsAnGarnHn

- Qbss marsErsd — S(pemnn
LWIedTL(b SSLILIGHME.
ug :1

&8l GeoTmm 6Tevor GHMLLIML LG 6M60TL
LWeTU(b S, 3 58lmGeThHMLD LOHMILD

HHEIRYOT  QOLSHHD  SeMLWD  eNlemerL

QUIM(HLSHEmETd &600TL 1.
g :2

2&5dAmCarHnid LHDID RHESSHDS,
seoflszeliCLu  Qm - siewreaienersenar

T(0&I5.

S &HlnGearHm  eTevor  (PemMUilementLl
LWeTLI(hSS FLO6OT QFIIL 6T(hSEISH61&HT6suTL
IG5 elemeTemid &([HEIGeumiD.

KMnO, +FeSO, + H,50,
l
MnSO,+Fe,(SO,), + K,SO,+H,0

BeauelemeoTulleor Siwieofl 6ulq 6ULD
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MnO, + Fe 2" + H* — Mn2" + Fe3* + H,0

I S &FRAEDTM(HSHELD T

B siemTellenetaHaT (PemmGul
LOHMILD
MnO, + 5¢"— Mn?* ---ocoomomeoeoo

siemgelemenrsafledt SBUDIPL HEV)SHEH6T
LOHMILD LO160T SremLoullem6nT FLOGIT AFILIS.

gedtun(1) LTHOD e GLilebemed
Fe?t— Fe?t + le --m-mmmmmmmm oo

FloedTun 2)=  eflemeoTLbaLnHeT LGSulled
4'0O'e_eiteng).

uGSlufled
4H,0 Gsrssayb. 'H' & &wer e&lw,

ereoT@ey,  eflemeTEOIMIHET

eflemeoTLhOLINHET LGSHluled SH*

GsT&H&EeL.
g : 3

Buhs eTe0&L T Me0T&H6rl60T
6T600TE00( | SEmBU|D,  eIhmIS — QsmemarLLLL
6TeD &I M60T SHerfl 60T 6T 600T 600118 6m &HUJLD
sowwnGwrin, &m iemIeNeneTSHemeTiD
&OLILI(bSHSIS.

Heoreotr, @@ Si6mT6X6060T&H6METILLD
Fn L (bEUSTED FLOTUMbSSLILLL FoeTurndp (6)
HemLSHME)



(1) x5=> 5Fe?* —s 5Fe3* + ]f.é --------------------- (4)

(3)x1=  MnO, + Sf/+ 8H* — Mn2" + 4H,0 ----------=----- (5)

4+ 5Fe?*+ MnO, + 8H' — 5Fe’* + Mn?* + 4H,0------------ (6)

e
. . o
He0T &N &@?
8. 2456dxBeormM 6T600Tem600TLI LILIGITLI(hS &) Ll60TUIHLD SFLOGOTLITL LG 6060T FLOEDT G1&ILIS.

ASZS3 + HNO3 + HZO — H3AsO4+HZSO4+NO

LML &8 (H&H&LD '?Iwii'
|

bog SieoTorL eunpeded siglinenL sy Coemeusemer Hemmey asiieudled Geudluiwied
WHAWIURSTONIHDS. HOG  eumpefled LIWeTUGLD SHeWEOTHHID  LHLIOLTIHLSH6MTED
Sy&sUULLeme). [Hlewpujeten QL H6mS SeDLHHS OHTETEHLD SeMETSHHID LHLICILITIHL&H6T
6T60T  SNMPSHSHLILILEOTDE0T. LBLIOLMHeTHeT Quih Hlemeoswo wHMID Geudld Heoremioulleor
siglienL uiled aUEDSLILGSSLILGEOTDET. FHEUfloD ETEOTLISH QD 6UEME HTNISHSHEW6N oL (HELD
euUDMlBEHGLD. GaTMmI&H6T QETHIDGL CMHULL, H6vflomig6fleir S1eTIsSHemens 61&TeTuTLq.(HSHELD.
GaraiserfledT Lietor Sigled SiLmdleer sevflomisarfleor ListorLserfledl b LTMILIL LG HHELD.

Sie)H&6T B&HEANIL 2 _meusTemeull aUDHBIGLLSTE, iFHeor Hlemmulleneor GHIIqWINSS
&evorLmiw @uieongyl. Bl sismieuneot C-12 & suqlivemLwings esnesors IUPAC @@ 6Liemio
sienefilenL amlpsliLpsdarerg. Amio pomed Heneouled o 6o @ C-12 sigiefledr
Hlemmuiled LI6oTevfleNT600TIq 0 6 LNt [HlédD 6([HEMLOLILIbSSLILIL L [FlédMD 6T60T SeMLPSHSLILIbED &l.
1 sigmy Hleom si0@ (iebeng) 1u ererugy =~ 1.6605x107%7 kg 6@ &wib @l o) Hlewm
ereoTLG), FONEH SiTNFEMDSHGSD, QUHMLILGSSILLL Hlewns&o SenLGuiwner eflélsn
6T60T EUEDTWIMISSHLILGADEL. QI SevflogSleor sunsfl Sieoml Hlewm eredTLS SHHE0T SuinHensuied
HeMLEHGL SiementSHg LCsmGLMiserfledr Hlemmaerfleor srmaflwim@Ld.

Q@b P& M6 HledMEHGLD, QIHMLLLIbLSSILLL Hlenmé&d @enLGuiwiner elldsn
CLPE0&HER M| [FlemM 6T60T EUDTIINISHLILGEAME. B(H CLLESHEMIET LI CLODESN M) HleDDILITET S,
SID CPE0&HIMIED L TRISIETET JNEMETHF AHTNISHSH6TET GLIL| HETDHEDDSHETET & (hSHEIEHEE
&LOoID.

eungpefleor Siemey eupSHHons  Gomed eredim  deosmed  GUILNLLUGADE. 12g
smiueT—12 oGsmGLMled SMevrliLhD SMITLIEOT HE00)SHEET60T 6T600T600 | H6m&HEHEE  FLOLDTEDT
SIQUILEDL S HIHETHEMETL LUDMIeTET 6IH Semwliied 2 eter ewNHefler Siemey 6w Gomed
ETEUTLILIHLD. 6(H GLDITEL SieMe6iTar 6T[hg 6(H EILMIHETIEID 2 _6Tar 2 L QILITBL&6rfl60T 6760016001186 6m8
6.022x10%%6&& &b, @Hd eTetor eUSTLGIM 6T6v0T TTMEMPSSLILILEDE. I SLINHerler
Gneoni Hlewm eredTug 6@ Glomed Siemeyeten SiliOLNBefledT Hlewpwin@d, &g g mol™ eredim
sie&med GHUNLLILGEDS. 273K whnib 1 atm Si1p555516d @b Comed mededlledy eumy 22.4
OILLT sevrieneyeten QL HHemenT WL H&IS GHmenEnd. Goned SHmsHHlemeorts GumeGey,

u@LUmiley Geuglufwiedled Homb Fomeor Hlewm 6T60TD SHIHSHSID LILIGTLI(EMDSI.
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1.008g emaDLTRedl  SieDeDG 8g Sp&Fmeir sibeng 35.5g &Genmfleor @anGmr
GsrsHen 1ql 1600 Seunemm L LIOLWITES O1FILILISE LG QI SHeflod Siebe0g GEITIOD Sievev s
siwevflulleor [HlemmGl, Sig60T HTMD FLOM6OT [HlemM 6T60T EUDTIIMISHSLILILED .

& &S0 L hiSEI6TeT SHEvflormigHener SeMhSBID SliieNledr eLpeoLD SevorL MLl L
seoflorsefledr Hlemm F&HelssHSlementll LWETUMBLSS, 1ECsTwHHlerr erafll el eumiiiLimb
LOHMID EPEDESH M| CUMLILILIT(HEEMENTE &600TL MILLIGDILD.

GaI S S60T, R CLPEV&HIFn 6D SiLMaidlieTar leueGeum) Hevflomiserfleot erevorevof]sem & udleor
arerfln eN&dsSHemeot sisseaflosdHenr GHUILIGNHE S QLLTS 6T(Q&IeUSHTEd QUMLILIbD euMLILILITGD
erarflw ell&lg eumiiiLme erevTLILIbLD. GFTLO&S|60T 6([H CLPEDE SnMI6D 2_6TET S 60T HF) SH6vflLorhiserfleor
siflwneot erevorevoil&emauilement, sisseaflosdlenr GMUILGDHEG S QLULTS GO b 6T(Q&IeUSTED
GUMLILILD EUMLILILIMG CLOED&HER M) GUMLILILITLTEGLD.

Cauglefleneotss snmisefleor elHFHoneord, @ SWTLGLSSHIULL Ceudls &oeoTUML 16D,
Geudl elemevtLl QILIMNBL&EHSHE 6L GUILIT6OT 6T600T600MUIED ASTLTLN6mE0TSH SHIHEMGI.

Geuglellemerts snm 6X&lg SigliLenLuled SemWING Siemelleneod G\&mevorL eXlemeoTLih
QLN (BL& 6Mm6NT S Q\ST600T (b, 6160 60T [HlBLDSSLILIHLD GLIT &), 2 ([H6UM &LD, 6Xleme6rT QLI (T 6rfl60T Si6eUIT 60T &,
6hg elemeTumheLnmeT (WHedled (W(Reusd eNemeTubADESHT, Sibg 6flen6uTLIbELMTIHEDETE
&MIH& SiemWD. element OSTLIHE HlHpeUemnS, BeueileneoTLch OLNIHT &L (bLILIMbSSHHMEI, &I
eflement &L (LML (b& SHMTevof] 6T60T SieMWPSHSLILGEDG. HMH eemetl QUL &S L5G S wimeor
6Xl6m60TLl OILIMIHL&6IT 6T6OTLILI(hE60TM6DT.

& ellemevruied eTeosLTMetTaHeT BLpHeLliLponuier Sieuelener os58nGeaThmLD 6Te0TeYLD,
TEOSHLIMETHT aMHLILIGET SHeUeTlenedT HHHNET 6AbHSHD ETEUTAYD  HEWLPESLILI(HE 60T 6DT.
Beuel(p elemenraEpd CT CHISHed Ko Selauens aflenerHsr HsHHnCaTHD-6bEHS
eflemevtaen (redox reactions) eredimID SiemP&&LILIbEOTDENT Seueiemevtsemen Sh&FnGeorHn
eTevor UMM CaMLLMLIq 60T SiqLiLenL uled eXleréaenL.

m Gaiwsdledr 2 den B GSOUIILL Sicnelenerd selisgs, UD Siemissemer,
SiUDMIedT QUPSHSHLOTET, H&HFRCOTHM 6TEITEm6T0T SHevoTLMeUSHDEHTeT 6XlFlSHerfledrLig. [EIf 6ToTWID

eslwiu’L o468xGarhn Heneoulsd siwellsamms Bosw e, sisbSnMII L Sigoieier
158 eTeAUNBLILSTES SHSLILIGLD Ll6iTsemoGIL Sihg Siexvyefledn Sh&dlgm@eaThm 6Tesor 6T6uTLILI(LD.

& ellemetulled, @ SeuflogSlenr &AnGarmm eretor SiFlflHSMed SigH &HALCarHMD
SieML[HFIeTan g LoHMID S&5HREeThM 6T600T &eNMIBHSHTEL NG| (bHSHID ML HEI6TETS.

2 568nGarhn Qb&s alemarsearfle,

+ @nevoiy eflementll QU@L &eT eflemenrflibg b Csiwsdlemensd S psHAnCarbn -
b5 eXlemeT&aT, Qenevunld 6Xlen6uTSH6T 6T60T HEWLPSHSLILIHSEOTM 6.
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& G, @Tetorh Sieeng AHNEG CLDOULL snmsHeTns FengeuemL|b, Sp&HlnGarHm
Rb&HS ellemerseT FemseUenLILD 6Xl6meUTSH6T 6TE0T SHEWLPEHSLILI(HE6OTM 60T

H&HARCOTOD - QB&HS elemearsafler Gungl, M CsILSHHD 2 _6T6T Qb T HDEOF)
iweofll LHEDTTH SisTT) i6be0& Siwenflwimed LHednp AFLWIILLLTED AHSHHemaBW! 6X6m60TSH6T
SLueuwiT&d eXlement &6l 6T6uTLILI(bEH60TMEDT.

dleo H&HARCTOHD - Qb&HS ellemersarfled, GT GaiIwD, SH&HFnCaTHMD WLHMID &S L6
Qb&H&LD @TevuTiyHGLD 2L L&D S @55 em s eflener sarfled, G Hevflo s FHleor o &l GeorHm
eT600T G BflHHED, GemMWO|D AFLFDE. B5HemsW 6XlemertsHeT all&gsdlense 6XlemetsHei
6T60T SIEWLPSSLILI(HE6OTM60T.

ueoGeum 2 Geon&isEhsHemLGW eresLITemerT NG /| SPsHEh  SHeorenouller
SilgLiLenLulled Siemowld eflemeotae GUITLLY eTed&SLTMeoT Lfllommm 6XflemeoT&e6iT 6T60TLILI(HLD.

S&5FRCOTHD — QbHS ElemeTTEHEHSHESHTET FLOEOTLITLLYEMET, Hh&HFLETHD 6T600T (LPEWM

S160E0 G Sillevfl — eTEDSLITENT (PemMU6m6DTLI LIWIEITLI(bSE FLO6OT GIFLILIGOMLD.

e
.

db

&S =

giflwneot eflemLemw 6&ifley &I,

40 191.60 L5 SB560T eumiy 80 LO.60 SR Q1SHMTETIT(H (LP(REWOWINS 6TflSSLILIGAMDE. Siemm
eeauliLflemend @ GeafliefsaslulL NG Waweitar eumyeller &eorieney

a1 40 18160l CO, eumy 2. 4018160l CO,opmid 80 15.60 H,O eumy
8. 60 18.60 CO, wmmio 60 18l.60 H,O eumy rr. 120 18160 CO, eumy

geoflold X 601 GesnGLmiysefleor @emui UledTeudomnm Siemo&HmG. 200 = 90 %,
199X = 8 %, 292X = 2 % Buhensuled HenLd@L Sevflob X 601 GHmrmwl Sigo)| [Hlemm LoHILI]

& 201 u 8. 202 u

&.199u F. 200 u

ganml (A) : @ Guned GEpeEGaHTedle 12.044 X 102° G@EpsGanen epeoésen misHer
©_6iT6ImenT.

&mrevord (R) : Q@ GLomed SieTey6TarT 61hg 6IH QLIMBEIID 2 _6Ter 2 L 6ILMIHL &6rfleor

eTevoTe00llBema 6.02 X 1022

8.  smml(A) woHmib smrevord (R) @resorid &ifl, Goeib &mrevord (R) Syeorg &mmmi (A)
Hameor Fflwimeor eNlemsaID
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10.

&. & mml (A) woHmib snrevord (R) @mevorpd &ifl, Gepd &rrevord (R)Speors sammi (A)
Hameor Fflwimeor eXlemé&L0e0ed

8. epml (A) &ifl bHMID sMTevoId (R) Heum)
. apml (A) wHMID sMTevord (R) Smevorpld Heum)

SMIU6OT, &MIUedT (GmeTnSHemend — SHMITLET  eDLWTHemenh eTend  @Tetorsd
S HEMEN(bHEWET 2_(HEUTHGHMG. 6THG H6vfloSledr FLOMeDT [HlemM LOMMITLOEL 2_6T6ems)?

3. SMTL6OT 3. Sh&erdlegeot
@. sniuedT HMID S &erdlgedT FF. SMTLI6OT, Sh&er0le60r ) etor(hLolebem 6D

BemevorFIment cpedTm) OsNevoTL 2_GeonsH s HevfllogSleor FLomeot Hlemm 9g.eq'1 315601 HIHMD
SH&HEMEVIY.E0T CLOEDEHEn M) [Hlemm

a1 102 ¢ . 27 ¢

& 270¢g . 78 g

0.018 Agmb eremLwsiten B SHaeflulied 2 _eiten BT cLpe0den mis6fledT erevorevviléems
&1 6.022 x 1026 . 6.022 X 10%?

8. 6.022 x 10%° . 9.9 X 1022

lg on& &e0bhd GWdevtafiwib smiuGerL wrdliflenw (OeulILEHendey HMLIING LOTEEHSET)
(WP(RemLWITS QeulILEHemsHeDE 2L LbSSIDGUTE) 0.44g SMTTLIEOTEML WITEHEM6MN(H 6UMIL6D6)
SHEDE!. rnHflulledr g H6IsLD.

a1 0% 2. 4.4% 8. 16 % . 8.4 %

6.3g Gamquib emu sMTLUGeTLemL, 30g 2 1965 6D BenTFIL 6T G&T HSLN60T, s(peTer
semrgedledr etemL 33g. elementuleor@ung QeueflGMiw  sMTL6eTemL WITSHemeniq.eor Gomed
6760060011561 &

8. 3 . 0.75 @. 0.075 . 0.3

STP Hlemeoufled & _eier 22.4 L H, (g) eumy, 11.260-LF Cl, eumyLeor
&60&8LILGbLEUTE 2 meaun@b HCI (g) sumyelledr Gomed eretorennlléemnd

a1 2 Gunedaser HCI (g) 2. 0.5 Gunevaser HCI (g)
@. 1.5 Gunevsst HCI (g) . 1 GureoHCI (g)

GLMEUT SILT &5hHS bleod Qb swner HpsdnCernr, Hateurmd eflenersafled 6rg
56101 GeorHMLI LstoTemLS GSMILILIL66b6m60?

o1 Cut 2H,50, —  CuSO, + SO,+2H,0

2.C+ 2H,80, — CO,+2580,+2H,0
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@ BaCl,+ H,SO, —  BaSO,+2HCI
. @eupmiled 61 &i6YLSI6L6m6D
1. Hereurnld SpsHedlgGarmm ehéss ellemerserfle erg allflssdlenge) eleneor?
&.3Mg (s) + N, (g) —  Mg;N, (s)
&. P, (s) + 3 NaOH+ 3H,0 — PH,(g) + 3NaH,PO, (aq)
8.Cl, (g)+ 2KI(aq) —  2KCl(aq) + 1,
m. Cr,0, (s) + 2Al (s) »  ALO,(s) + 2Cr(s)

12. &mgp e sHed eumLnfuwd  euFonas@erligedt  gwneor  Hlemm WY

(MnO,” + 2H,0+3e™— MnO, +40H")

o 31.6 o). 52.7

8. 79 . @eunmiled 61 &6YLSI6b6m6D
13. YereueueoTeummiaT, 180 g Bifled 2 _eiTeng e1&)?

a1, 5 Gumebaer B 3. 90 Gumebaer B

@ _6022x10%
180

B cLpe0éan M6 . 6.022x10%% B ceodenmiser

14. 0°Commib 1atm SHR&SHSHed 7.5g eum] 5.6 L Heorsienenel SienLSE1H6&TeTdDS) erevflev,

b Uiy

a. NO 2. N,O

& CO m. CO,

15. 1.7 g sub@onevflwimeled 2_eiterm eT6d&LITM60TSH6I 60T 6T600T600f186M 8
o1 6.022 x 1023 g, 6:022x10%
1.7

@ 6.022x10* . 6.022 x 1023

1.7 1.7

16. seduifleor Sp&HellggGeormm erevorserfledt SigLiLiemLulled Lesreupld erliTLsleor Siulevflserfleor
gmeuflens 8042', 8032' , 82042" 82062' is

1. SO,% < 80,2 <$,0,2< 5,02 & SO,2 <$,0,2 <5,0.2< 50,

@ 5,0,2 <50, <$,0,2< S0, m. 5,02 <5,0,2 <S0,2< S0~
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17.

18.

19.

20.

21.

22.

euFTev S4&HFE60L1q60T FLOMEOT [HlemM

a1.6urmen Sy&&CeoL1q60r Gomeomy Hlemm 2. erTe &HFGe0L1q60T Glomeon T Hlemm
1 2
@. euiTe o&sGeLiqe Gomeond HledD . GuohasesorL 6T &16YLOl6L6m6D.
3
Si6uaTL G eresor Hllienu 6.022 X 1023 Omhsl 6.022 x 1020 &@ wrHDULGEDS.
@z eoted LMmIeUS)

3. §6dT O FILWILULL FoeoTUNL 160 CeudlsHan miserfleor esLo

3. e CaawsdHlaerer seoflomsafler aflégn

8. Hambserfled Hlemmuiledr euemITILIEHDM

/. 1 Gomed smyuesfledT Hlemm

22.4 L s6012166) 61&ME00TL a1&TeTHe6 &6 A pmid B uiled pempGw 8g O, woHmib 8g
SO, eamysaer STP Hlemeoulled BlriuliLL (beengl. erevfled

3. A ommib B sevettaaflIeTen epenssn migeT FLoLD.

. B sevevflgiaen cpeosmiserfleor erevoretoflsena A 60 2 eaTememg el SiFl&id.

@. Awnmib B seetrserflaieer cLpens &n m)&6rfleor eretorenf&emas@ QemL Ll L efldlsn2: 1

/. B s&evevflepeien cpensan miserfledr eretorevfl&bema A 60 2 eTememg GLIMED CLPEOTM) LOL RIS
SFGLD.

50 mL 85 % AgNO, sengsemed 100 mL. 1.865% ewniLnélwn GGemmenmk

&I FQIL 60T Bars@b Gug HewL&@LD 651pLg 6X6dT 6TemL 6T60T60T?
a. 359¢ . 7 g
814 ¢ . 28 g

1.1 g eurmuy, Siemm QleuILIBlemed WHMID SH(RSHSSHSHed (250 c wpmib latm sipssIb) 612.5
mL seorsieTemer SiemL SEIHESTETHME. Sih eunwelleor GmeonT Hlemm

&1 66.25 g mol! 2. 44 g mol!
®. 24.5 gmol! . 662.5 ¢ mol’!

LletT6)(H6uETTEUDMIET 678 6 g SMTLIEOT -12 60 2_6TaT SHETNIEHEHEHEHS FLOLDME0T SHITITLIEOT
SIEVD)&56M6IT ESITETIT (H6IT6T S ?

8. 7.5 g m&Caxein . 8 g155Bse60r
8. (21) LOHmID () F. eT&IeYLleD6m 6D
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23. WetreumeueTEUDMIET 6THE0T HMTLET s&6iswb. ersdleiaflen (C,H,) anjuer ss6lissens

RS SleTeng)?
1. YyrinSeor Y. F&HEMGHE0T
8. ewuer&eor e &G se60r

24. Uedreu(neuetTeuMMIET 678 SMTLIET -12 QUTMISS) 6T&| 2 600T6MLOWITE0T FnHm)?
si. C -12 et QU sisoyflemm 12 U
3. sMiuenfledr SiemetSH& Caimigefleld 56T S &HerilgGeorHm erevor +4
@. 1 Guned smiuer —12 6 6.022 X 10?2 sigmiss6r 2_drerer.
FF. SI6D60THGILD

25. sigmblemms@ HILILDLOTS L160T6UIHEU6DTEUDMIGT LILIEOTLI(heUS 6757
a1 [C12 2. ,Cl2 8. [CV . (Cl

I1. YedTeu@mld eNevTné&EH&ES Gi(HHSLNS elemLwierfl.

26. QLI Sigo0) HléwD EUEDITIIM).

27. Gomed eTe)itd euniy HenSuledlbibs ereotent Ll &) Qs mevorLmiil?

28. &wmeor [Hlemm 6UeDTIIM).

29. oy&erdl muGeTHM 6T6v0T ETEMID 6UMT SHemSUIledHHS eTeoTeor Liflih &l QSTevorLmii?
30. op&dxGarHMID, QOLEHSL CeumiLihSss.

31. Wdetreuneusoreumniledt Gomedny Hlemmeemans &IT6oors.

i) uflwr[CO(NH,), ]

ii) 218_GLmeor [CH,COCH,]
ili)  Gumilé sulleoip[H,BO,]
iv) &hss susleob[H,SO ]

32) STP Memeouled sMiLeT ewLm&enen eumyelet SILF&HSH 1.965 Kgm™> CO, eumyeeor
Gomeor HlemmemLLId &HITE00TS.
33) erg aiFlsuLe Gomeb 6Tevorevoll&HemeUTeDmenT Sh&HerlmeiT HETIESED6IT C1&TET0T(heT6TS)?
(i) 1 Gomeb erggeotmed (i) 1 Gomed ungllé sudleow (iii) 1 Gomed H,O
34) Yetteupld HTeYHMETH 6&HM600T(h, SHemsHUled HmeoorliLpbld ewdetadlwidHeor srmai

i) [HledDEmUIS &HT6ET0TS.
35



2Ban@LmLiy 2CsnGLMIY Sieo0) [Hlemm euend (%)
Mg?* 23.99 78.99
Mg26 24.99 10.00
Mg? 25.98 11.01

35) Uleteubid 6Xl6m60TéH5606m6UEH6METE E1&HT6T0T(H HlBPSSLILIGBLD eflement X +y + 2z, > Xyz, 861
SLGLILGSGID SMT600flsHemens &ITeors.

Si. 200 X SIgDIHSH6T + 200 Y SgIHS6T + 50 Z, CLped&Sn. M)SH6M
. 1Gomed X +1 Gonedaer y + 3 Gomedsser Z,,
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3.3 aigm) erevor 100 g &l SiFl &b aupmyeTer HeuflmseEnsd IUPAC (wenpuied
euwiflpsed

[, il
ydHw seofloraigset sevormiliLp Cungl, Ssisseflogdlener sevorLmibseud, IUPAC  sulfl
wpemm&emerll Neotupnl 6 euwiflemet Lflbgiemmiumy. SLLFHSIeDTWITETSH OLTHILDS S 66T
BHSHEIHHemeT GaHLLMbS etteont IUPAC wimed siké&sfléasliuond. bs QenL LUl L&smesd e
ydlans sevorLmlwiiiu’L seoflonerg IUPAC efldlsefleor SigqliLemLuied, sm&nedls ewwrmed

SIeWLP&HSLILI(HLD.
1. yHwsns sevorLmlwlul L SeofllosHleor o) erevorevofledlbibg GCBHIIGUINS QLILITHSET60T
erevor&m cweold ( Numerical root) eumedl&sLLbEADS).

SiLLeuemeto— 3.8: sigm) eretor 100 g el aiflas aupmieter FeuflomseEnse IUPAC
wenpuiled euwflpbsaubsaner Griluio

Beésid 0 1 2|3 4 5 6 7 8 9
cpeold nil | un | bi | tri | quad | pent | hex | sept | oct | enn
&(HSSLELIWIT n|u|bjt| q p h s | o] ¢
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2. SIE0) 6T600T6u0l NG EEWETUTIITEIT 6T6T0T CLOGDIRIGET EEOTMMESLILIL (b, ium’ 9D BET SemBWITE
TIRSLILGEMS).

3. ‘enn’ gpeorg ‘nil’ (pedreori ersLiLbld Gum, ‘enn’ o1 @mSluled 2 _6Tem ‘N’ ETIPSMTLOED
eflLiuGAmg (enn+nil=enil). @emgGureoGeu ‘ium’ && (pedreor bi’ LHMID ‘tri’ Sy &lwiemeu
eresLILpd Gurg sieupnileor @miflufed 2 _sier i’ erpHMoed el LiLbEDS (bi+ium=bium;

tri+ ium= trium)

4. etetor &N cpeosefledl (pHed  eTpSEIGalOBhE LS seflwsHenr  &miuin
2 HaUTEsLILGEDS. BHemeT  EPSHHEUTHETET L EUHETTT  6T(bSHGISSML (L 60T
eflen&GHME.

SiLLeuemetor 3.9 Sigm eT6vor 100 @ el SiFl B DLW S60flLoThI& @Ih &HSTE0T QLI &6

SIET)| 6T 600 E)E.Jguﬁuﬂﬁﬂ g’%ﬂgg & HeoflodHledr auwy 56&“5%%“
101 Unnilunium Unu Mendelevium Md
102 Unnilbium Unb Nobelium No
103 Unniltrium Unt Lawrencium Lr
104 Unnilquadium Unq Rutherfordium Rf
105 Unnilpentium Unp Dubnium Db
106 Unnilhexium Unh Seaborgium Sg
107 Unnilseptium Uns Bohrium Bh
108 Unniloctium Uno Hassium Hs
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QLI &MUk GIU]I G
109 Unnilennium Une Meitnerium Mt
110 Ununnilium Uun Darmstadtium Ds
111 Unununium Uuu Roentgenium Rg
112 Ununbium Uub Copernicium Cn
113 Ununtrium Uut Nihonium Nh
114 Ununquadium Uuq Flerovium Fl
115 Ununpentium Uup Moscovium Mc
116 Ununhexium Uuh Livermorium Lv
117 Ununseptium Uus Tennessine Ts
118 Ununoctium Uuo Oganesson Og

ke
seam S &@i?.
2) oigm) eTeor 120 2 ewLW Hevflold @bmHreT  euenn  SevorLmwliLLeedemeD.
8szaflwsHnE IUPAC auflpennulledr SiqliLemLufled eupralsLiLihd aUWf wHmId &Snluiok
eTevTeTOUNS (HSHGWL? HFevflob OUDM([HEHS EUMLLILETET 6TEDSHLITE0T SH6MLOLILI6060TILLD
1T 6v0TUI &S SHEYLD.
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Seoflorhi e 7-euflem a6, 18-05M & FHl SHerflIb emeussLILIL (heTereT. H6uflorkisener GuILIC L
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eTeleUT M) LOTMILIGGETM S ETETLIENS [HLD SliihH Ml Eeurid.
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wseo euflensuiled, QemevorSIm eTOSHLIMEOTHET HITLLILLIGbeUS 1S T LT SHleuhGSHDE.
@hs pTILLTed6 SiFlsLL NS @ TS TTeTsH6T L (G LD AUDILGWD. eTeoT@eu (W&Hed
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SHaI6uSHH 601 SlqliLemLufed Hitiuinpeleormenr. @emsll Gunedt@m LM eurflemgsefledr erepsLTmeoT
siemwLSleneot HID eflends Quwieid ( S Leuemevor 3.10)
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% E e B
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1. sie00) eT6tor 2228 G1&MevOTL HevfloSleor IUPAC Qi eretteoreuns QHoHESLD?
a1) bibibiium &) bididium @) didibium rr)bibibium

2. A wpmib B gydlw seofloriserfler erepsLmmesr siemwliy (pemwmBu 152, 252, 2p8, 3s2 Hmb
152, 282, 2p%, 3s2, 3p° G Beuall(H FevfloMiisEnsSemLGWw GaTeTmibd Siwieuf] GaiLo s eor
CLPEDEEn M| GUMILILIM(h.

a1) AB ) AB, 8) A,B ) eTgI6D Q6demed

3. GaunupsdHs &M oD eeslane, (differentiating electron) sevflogSler aeuefléanLiqn&
WhemsIl eeTiefl L 2 eTan L iqed (anti penultimate shell) aseitm Gepd Hevflorhisemens
G\ &ITETOT(H6ITEN OHTE& D).

31) p-0sT&S sevflorhiser o)) d-esn&d seoflorkiser
8) s-a5n1&F Heofloriger ) f-asn&d seofloriger

4) YedTeu(HLD euMiILIL&erfleD, O1&BM(bé&LILL L 6uflendsHEhdE Sieunning erdlons SIS LU (beTer
uesorlemenTll QUNHSE FHWNS SiewWHSH(HHHMS euflens @LbEOUDMIeTET EUMLILIL| 6T8)?
(NEET 2016 Phase |)

a1) I < Br < Cl < F (eteo&Lmedt mILLLD S8 &flé@1D)
ay) Li < Na < K < Rb (2_Geona gymib siflaflé&eid)
8) APt < Mg?* <Na' <F (swwesfl oymid oiflaflésio)
m) B < C <O <N (a6 siwefllunée@o spmmed 18 siflé@L)
5) letTeu(BLD SH6vflomhi&EH6T S TEOSHLTTET SHEUTHEITEMLD SHTE00TL. SHEUfIOLD 6T &) ?

1) @Gemmifledr 2)) EOBHLTRE0T 8) FAuwid /F) Ljearpifleot

6.) Q@ 60l S H NIEWL LI Si(bSHS(bSS SIS GSLD SpHMed o FLIL&6T SCL ASM(bSSLILIL (heTemeT
(k] mo1-1).

IE, IE, IE, IE, IE,
577.5 1,810 2,750 11,580 14,820
8sgevflomerg)
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emanlrgefler cpermmeug @GsmGLmiumerr wKflliquid s HArlsenGey HewLsslOUMID
&3iflses seorenujenLwl oGsrEGLMILTGLD. & CHTImLNg 10™ enemL TR 60T HET)HEEHHE,
& uiflliquid s aretn eNdgsHled 2 eteng. @eueunm) ewamLlTRer oGsTGLIILSemaT
euprpLiugleorned, Sunensulled HenL&ESHS Fnlqlll 6M6UDLITE60TT60T S H,HD,D,, HT, T, LOMHMILD
DT gydwereunss smevorliLitbdleorment. @bs GsmGLmliyserfledr LIetorL &6 i L euemevor 4.16D
Q&M (b&HSHLILL (b6ITEIT60T.

SILL 616m600T 4.1 e Te260T, Uy Ligfluid wommid fllquid cpenssn miserfleor LIetoTL&eT

LI6OOTL| UGomliquud | iqupiqrflunb qfilquib

1w [Flemed ML T 60T

G0 H D T

2i600)| [Hlemm 1.008 2.014 3.016

1By L rmedT&serfledT 671600T600f156m 8

S1600)|58 ([H6N60T [ElemEOLIL|SSE0T6mLD Hlemeowlimeors) | HlemeowimeoT & &SIHfsEHS
SH60TEMLOW|6WL LIS

(t% =12.3 oyev01(h&ET)

CLPEDE S )| EDEDLIT 60T H, D, T,
Bunensuiled HenLbGn Sierey (%) 99.985 0.015 ~107"
Ce&HE M) Hlemm(amu) 2.016 4.028 6.032
2_m&hlene (K) 13.96 18.73 20.62
e&ndlblemen (K) 20.30 23.67 25.04
31 600)| & & ([ & & (E1h & & 60 L. B Wi Ui 1T 60T 74.14 74.14 74.14
egmenene]  (pm)

lemeolomm) QeuliLBlemed (K) 33.19 38.35 40.60
Aemgeyn) eredramedd (KJ/mol )f 435.9 443 .4 446.9

T 1NemevoriiL) LNemeymitd SHHMED

41.3 »T5ESHM LLHMID LTI 6MEUDL T g360T

DL TR60T SHeun)ellelt JNTNISHSHTH SLPTN] O1SHM6TT(h SHSHSDE. LSS M) 60 6UDLT Q60T
o evorLn@ Gung, @Teioih AL IR SiansHsEHoHeailar &spndl @Gr HensulGeoGwim
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siveng erdleardn HemssaflGeom, ULSHH6d
&E00T(hETETEUTMN)| SiemLDIIEOND. @hg STevorh
60 DT 83607 CLPEV S T M) & 6T
(WwenmGuw T5CsM LOHMILD
M EUDLT Q60TSHET 6T60TM)| HEWMLPESHLILIHE60TM6DT.

OO0

T5CHM — ewEUDL T 2260 UM 60@MLT8260T
gemm  eeuliublemeoulled,  FTHMTevOT
emanLrgefled 75% SpT5CsT, 25% ummm
EUEMBW|D 2 _6TTemenr. HTSHCHT EUEMHSHWITEOTS,
afla  Hlemeolys
SHE0TEMLOU|EMLLLIF). 6(HELED S 6D EUDL_T EQ60TTE0TH

elgLoment
U

ungnm  euem&emuledl
LHODTIH EUDS DERDLTLEDTTS  LOMMID
QFWIE(LPEmM
ereuflemid

UMON 6maNLTRT 2 _(Hheuneudn@& &Lolblened
gneens o ereng. Lemmlilqeord, &moy

O&HEYD  ELDGHIEUTEOTSTSLD.

(&EMmMEUITE0T eauiuflemeouied

(onwreot) Gumedtm eXlemenT@eus LOMHMSHEmETE
G&TLUSEOT  CLPEDLD, UMOT  6DEMLTE6meDT,
ST5CHT  MHADLTRE0ITS  LOMHMEDND.  LOl6DT
UML&S6D ELPEDLOMGEYD LIMTT  60EUDLITS26060T,
2HTHCH
800°C& @&l
eaulLLLGSSIHe, O,, NO, NO, Gumetm ummm
BMHHS
Gsrgzed sebeng Lmell Hlemev/isony Hlemeo
ML TR6ne60TE G&IT H560 S EIL (pemm&arflgId
LN 6DEDLTR6n60T SHTHCHT 6MEADLTL60TTS
LOMMMEDITLD.

DAUDL_TE60TTS LOMMMEDLD.

afsomer  eeUlIUHlenedHE

SHEOTEMIOW|ETEN  CLPEDSHFn MI&EWETE

SHT5EHM WOHMID LMIT 6DEDLTR60TSHET,
&G aflgonerr GaudlILIEToTLSemenD 6H Fled
IMULL. @UIDHLIETOTLSEMEMLLD  EILMHM)6TET6DT.
T(bSHISHML LTS emamL_Teeufledr
2 m&Hlemed 13.83K Speotned, pTSHCHT
emanLTefledr 2 h&hlemen 13.95K H&Lb.
umgm  emenLogefler asndlblened 20.26K,
syetned  ATHCHT  ewamLInefler Qs
Hlemed 20.39K op@lD. LM ememL Tegeufled,

(3 )1
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S0 5HS[HHSEIT 60T &LPME eTHOTHT Hlemauieo
SIEMLOEUBTED, AH6OT HMbGHH HHLUYS Smedr
hRfonGh.  BTS5CHT  emaml meevfler
&nbgd Houyd Her, e YGTTLLmeufler
&S HHLYd Hmemeorl Gumed GSmevorh
DLMHKIGS SHSLD.

4.2 emamLTR6r HWNflsHsHe0

Was dnflgere) Sifed Siebedg SMILD
&b Hiflemeor LOGITEOTTH LGSHHE EPEOLD
015G SMLEHLOWITEDT (>99.9%) emamL T e6meoTLl
QUMEDMLD Si6D6DGH GEMQUID DD TTEHENS (D,

eumiLmfwd  ememlgnsendd — Gumedtm—
eumnmleot B &H&HemTFmNED LO\6OTEOTITH
U&SGID 6L E6ME0TLI 6ILIMELLD.
Si1dletTeoTTMHLIGLILT6D 1% GmriLdleor

euUMLINT&EYLD, HLoL (iron) eTiT LOledTEUMLINE6YLD
eFWeLLIbEDG. SmLllenb @bwenm eLpeoLd
afle a6 eHADLINMETSH SWlHHED
oun@enmany FHwns AnbHS (PenOWIETM).

GmoTLdledTeumLi : 20H—>H 0+%0,+2¢
erHITLOeOTEUMIL :2H,0+2 e—>20H+H,
QLG ewnds eflemeor: H O - H + 7% O,
421 peuss swmfliy

SIS SSH6d HIHSHNHLD (zinc),
@moy (iron) eewerefwd (tin) Gumedrm
o Geonamisenar, HISHH  OeDrHhISEHL 60T

elemeotfllLE O\FULIEUGE0T CLPEDLD 60 EUNLITE6M60T
erefidled  swnmfleés  Swieib.

Zn +2HCl > ZnCl, + H,T

Bi$s enanl GrneGemilé sifled
SIS HbSS SiLOleOLD

Y DL TE60T

~

ap— :—1 3
a g

— &16S BNsLD (zinC)
LLLD 4.2 6usS5H60 emeUDLT 22607 SWIM15HSH6D



4.2.2 aamfled (pemm Swimflli

el G &MiueTHemar, Hrmelenuids
G1&IT6TOT(b LOM)| 2 (THEUMEHSLD GIFILILILD (L emMUeD,
318 & sienailed emUDLT 2260607 S SHWIMIfl& & 6DIMLD.
Bib(wemmuied
smanL G SITIT LI6OT&H 60 6IT BrmedluLeor
&60IH&l, 800-900°C eauILflemeouied, 35 atm
S(R55SF6L HsHa6e0 element Geus Lombmiuileor
Bg QFsHH emaDLlrmer euDlLbEDE.

15585 emenrLl Gumedtm

CH4+H20 — CO + 3H,

wLHODI®  (Wemoulled,  AFEHIL b
QeulILBlemen&H & QeulILLILGbSSILL L
soafluler 155, Brreleowsd o6ssSH
&MIueT  GMETT&HemEBD, DL TRETIID

eupLUUGbHTmeT. @(pemmuied UMLILIHLD
aMUSSHET SILhAW  seemeu BT eumy
ereTlLbAMG. @HemedT QFTSLY  eumy
6TEUTEYLD SIEMLPSHSHEDMID. 6IDSHSHE0TTED LOMHMILD
dleo ererflul
Gumeotm  &IflloFBaILoMmIGHemeT S

6m DL G &M LI60TSH6m6ITL
M@
wenpuiled Fwnflss  SeueunydbHae0emel
LIWLIEOTLI(bUSTEL ESH6m60T 1S LIL 6N eTedTm)

SemPSHHOTEMMID.

o
1000°C

C+H,0 CO+H,

. %/_'/
Bieuny / OSm@&Liy eumy

B eumyeXled o _eirer SMTLIET

CreTTsengenL ST LIS —6DL —HHENFLTS
LIHMSED:

Bieumyé &60D6W 6L 60T, o185
siemey Bonelulemenrs Gaism — 400°C
eeuliuflemeouiled, &apoy (iron) / smomD
(copper)

6\&IT6TOT(h6ITET

LTHMlenW&H
(shift
Converter) auflLNsE OFQISHHIEUHET CLPEDLD
Bireumys
Goneor&Hem&(b,

elemeotGeus

wmomn 2 emeouileor
Heoemeuuled 2 _eftem  SMTLET
SMTLENT 6DL  Sh&HemEFLNS
LTHMHEMLD.
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CO+ H,0 > CO, +H,

Gumaetorbeter (pemmuied 2 meurneor CO,
eumCLmdwip SMTU@eoTL.

2 _Mlep&LILGbED .

6UITLL| 6UIT6DT &),
HEMTFEOMED

CO2 + KZCO3 + HZO -2 KHCO3

4.2.3 1guygfluib swimflgged
&60T e LOGITEOTT LIS SHS60

gngnrevor Hfled 1.6X10™* gs6isib seotHi
o _eengl. seor Hewmeli YGTmiiqw B (H,0)
31515 166y LIfl60 & Si6mL W& o Lq U1 &). 6T60TE 6
Bewr 1letTeormh LGSGSID Gung D emeu efiL
H, eflemmeuns GeuellGumidng. erepdlemen
sHemgaedled SHeotHfledr aFMley GMUNILS55565
siee] QHEHGL euemd, LOETETTNHLIGSHSH6D
QBMLABE  HepssiuGEngs. Seveurm)
HUTHemT OSTLIFAWNS OGTEOTTH LiGSHSH6D
6151L6USE0T epeold 1qupLiqfluid eUDLILIGEDE).

1oledTevTIT D

2D,0—uess® 57 D +0,

424 williquib swnflésed

wedt unLliug@dulled @MU (heTememsL
Guneormy, 19flliquib H&5s GewnHS SieTGe
SMevoTLILIbED &) aTeoTGeY, SIETN)|&5([H
Herey 2 emeouled, NGHwGHedr 1Og
ewgeuns SuriGd Buplrrener Gorgs
asllg, 6swHens (weomulled 1gflliquid
euUDLILGLEMDS.
SIENHSHH MHD ellemeor LedT euBLOTMI:-

85FasWwed  (PEMMEBSHITEOT

671 - 1 4 3
,Li+,n—, He+, T



4.3 emamLrmefler LeiorLaer
4.3.1 @WIhHLeToTL&6I:

OEDLIRET, HDLHD,  LOETILOHM,
Gemeuwmm, Wseyo @Geoameor, ererfldled

Slupmé snlqw euny. & Qb (WPeDETEUDHM

FFIT 600)] CLOEOSHERDMGLD. &MDIHS
eeuliuBlemeouiled Y S(1P5SHHH DS
2 LSS B 5 6meot BILOT&S&SE0MLD.

MDLTRET &S Fnhsd QbsHe: ellener
MANLTNET  CLPEDEFnM60T
wmfledlsefledr Sy
S LeNemetoT 4160  G&HM(bSSBLILL (HET6TEDT.

QIMHEMTGLD.
ueoGeum  Swm

4.3.2 Geudlli uevoTLSH6IT

EMEUDLITR60T, HSHFlRenL 60T elemeotLif b
Bewors smHNE. Seielener sifls Sphnened
eeuafllLGSSHID QI 66ILHSHD  [HlS(QLD
elementiLIM@LD. Qeielement eTfILbl60THE060TH6I 6D
OledT 2 _pusHH eFeuHled LIWEOTLIbEDE.

2H, +0,—>2H0
Bemall GunenGe, 60 DT 83607
GamegeisepLer ellemetlflibgl, Seummler
CamemeohsemarssmEDS. aefl  @eeons
Hlemeoulled &nL, L@EbIflenL 60T 6l6Uq&HGSLD
&H60T6MLOW|6ML LI eXlemeoT Hapdng.
eefl 2 eter  Hleweoulled  &GenmiflemyL 6ot
siemp  eeuuflemeoulsd  eflemeotyflEmG.
GleuLILILILIh S SILD Gung
Bemeoidlng. SCWMqeD)L 60T  [HHLSHSHID
ellemeoTwineoT sl @ &6l Geudl aflemeoTimGLd.

HCrmblemL 6ot

H, +X, - 2HX (X=FECl,Br&I)

Bom&evoTL elemer ewm@pLserfled

emanLIgefler p&HAnGearhm  eTevor  +
SHGSLD.
2 GeonsrhisenTeor 0SS WD, G&miq b LoHmILD

aFla elemeTHHmedT 2 _emL I
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sreodlwd  gydweupmiLer  ellemeorfib &l
ohF 2 _Beonsrhisafledr 6mamL emT(bhHenend
smAomE.  Bhs
smanlrgeflear  SpsHednGarmn Heweo -1
SHSLWD.

DL 6WT (bSH6rled

2Li+H, > 2 LiH
2Na+H2—>2NaH

&iflo Geudluiwiedled, OFHTGLI (Wemmuiled

GaIWmhi&Hemensd SWfl&HGLd Gurgy,
MADL DI (hSHET Qb&HS elemerTaLnpenTaL
LweTupdmg.  OsSHwb  sigibleoflwid

emanlengd oMo  Gsmauwid  GunGmm
emanLena®p Gumedtm wHM  (WPeHSWLomeoT
QbL5S elenaTaLTBLeEmeTs SWfleasa)n

Bemeu LILLI6OTLI(h & 60TM 60T.

4 LiH + AICL, - Li[AlH,] + 3 LiCl
4NaH +B(OCH,), —> Na[BH,] + 3 CH,ONa

Rb&HS
HEOTEmLD

ODLTRET QM  ADHS
eNlemeuTEOILNHEMTBE  E1FWIEOLI(HLD
2 _emLWG. BTG SNEMMSSLILLL  [Hl&H&He0le0r
(weorevflemeouiled  emamLTmedt  Hlemmeymm
&Iflo&@ &L 6L 60T BeisHema
ellemeoryfibg  Hlemmeybm G&FLoMmISemeTs
SGE DG

HC=CH—"-H,C=CH,—"*-H,C—CH,

4.3.3 1quyLigflusgler Geudlll LevorL e

60 GUDL_[T 836M 60TLI Gumeot@Gm
qupigfluiwd psdnenier eflemerLfibs
upligflub Spéensnh eTedim &Heor Henrd
sHEDE. Caneogearse@bLer elenerfibsl,

sieunmlest  CamenebhHemeTdH  HIHHME.

2D2+Oz—>2DZO



D,+X, »2DX eugsLeredled SWMiLSed SibGomesfluwi

LI W 60T LI (b & :
(X = E Cl, Br &) G=Dal
380-450°C
quy g fluigHedr uFleS o eflemeorasel N, +3H, 2 NH,
200 atm/ &Ly (Fe)
eXlem 6ot 1Bl& (b gsLp6m6DLI
. . . . 2. esmpinaneneoserfled GILI(BLOETEY
OUTMISSI, 1qup L iqfluioneoTs emeunLregevfleor
.. . . SHEDILILIMTETTSLI LIWIOTLI(h&SLILI(LD
G &7 & erfl I 6T e 60 6D L [T £3 60 60T, oo
QD SHHEVTTEED, SMTLIE0T

LGS WnsGeum Si6be0 s (L(LQeuSILoNEBeur LeiT
. . . . Gmetnéemaiq0lpha  SMOTSHems(Cu)
wempuied uHedp aFLSANG. Seuelleneraa
. .. . . . eflemeuTu) HEUINSES E&Me0oT(h SWINlSHEL
gy Ciqfluib Siebend) seor Hemmll LwledTLbSE

L Wl 60T LI (b &) )
151810 & LILI(h & 60TM 60T D3l
CO+2H —8 . cH.oH
CH,+2D,—CD,+2H, 2 3

3. Pt/H, @i uwetumsd), Henmeymns

2NH,+3D,—»2ND, +3H,
61&M(QLIL| 6TEUUTEI6TTTILISHEMEN  6UEDT6IVLIS

4.3.4 ifi’ g Hedr LiesorLiEer ETEOTMEMPEHSLILIHLD Blemmeymm
esmlyserns (Margarine) LmHmEDLD.

gfiliquid B - sisemer 2 161D &HSlflWIsHs
seoflonGb. BeT SiewT Sy sTeb 12.3 4. 2 Geonmseiwedle 2 Geons
24 6507 (b & 6. SHMEbHMET iFls GeuliLflemeouied

o Geonsons QbHS DL TR60T
T—)He+ e

LWIedTLGED &)
4.4 enamLrRefler LWweTseT CuO+H, > Cu+HO
1. QBMPIMETemESH6ITleD SWMfl&SLILIbLD WO,+3H, > W+3HO

smamLreeufled 90%5& Guoeb,
sisasnPimemen e & efl e G uw 5.  signiblee D EUDL-TEE0T 1oDDIo

P e LS 1 B8 60 EUDL_[T £260T— S} SH &L 60T 860 6 ELULLITE0T F)

o _Geonsmi&semeT @QLLE|D, 66U Lejb

eXlemeoTOLIMHEMTSHL LIWI6OTLIGhED &l

a1 Bonevfliumemeu OlLiHLo6Telled HWiNflés LweTUGED .

LwedTUbld  Camui(pem I . . o
® WUIY@D 8B5S S 6. [OM&H6&HL(b&H6marT 9 &l HIHETEHLD

9 _SHNTE00TONGLD. empLfled  Sibleoid, ) ) ]
erfleun@penma B 60 UDL_IT 83607
9 [rhi&Gel  LOMMID 66U OB &I

d oDl eHTD HwerTu®b&DE.
2 eimerfl L Geudl& GaLorhl&HemerT
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erflfleTseomhiserfled, LOl60T  SpMHMEmED
2 _pusdl
LIWLIEOTLI(b &M &l.

Q&I 60 EUDL_IT 83607

LI NG
Seir

THMISHOSHTETEBLD HEOTEOLOWITEOTS). LOM)

60 QDL [T £26 60T (wemmuiled
BleTETLLID  Q&FLWD  euensulleomeor
2 Geone emDLeDIh LO60TSHE0MRISET
T &H@&LD

swunfliudled  HeuetTHemS

eUemSHUl6d SIMLOMH SHIETT .

uLLb 4.3 gn&easL. erfleun perfledr LwedTUMh

4.5 emamLrnefler G&TLomk &6l
451 B

emanLrneafler Gafomnisefled Wes 1H s
sieme] Quihemsuied HewLlug HIm@Lb.
polufetr  Guoumiifed 70% &Led Bamed
gLl peeng). &1Geu Bifledr (e edTemiowiment
SHSMILONGSLD. eTevflend sL6d Bifleb Lied 2 LiL &6l
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&SmO (HLLS 6oTTED GHITIqUIMTESL LWIETLI(bSS
(WwigeudHlevemen. SiemeosHg 2 ulifleorriiserfleor
eunpeiH &L BT SiqLlILemL SYSTILONS ©_6Teng).
Bog 2 Led 65% [Fifleneord 6&mesorbereng)

’ SyS@sM HmID umgm B

60 m e 15 er & efl eor
UG BLn@amet &L (haerfleor
BLESHITE
LHMILD &fll GBIDLISSI60T LIED O1FWIDEm &S
Bamarserfled 1305} SNETOTLILI(bEMG).
gbusdHed  elevoreleueilufied, TSCHM
Bfleor  NFFHD  HEUDTHNS
FIS&leTengl. emamLTgenerll GuTeoGey,
Eflevenuyb ayisGsn wHOI> L &
6T60T EUEMBLILIbSHSHEOMD. A THBHT Bifled
2 etem @) EWEDLITRENT SiTV)SHE6I 60T
&G Hlemsuleuid
umgn  Bifled 2 _eten @1 emEDLTRE0T
SITN5HEHET60T 2 L H[HEHSH6T  eeusiGaum)
Semsulepd  SLOIHEOTMEDT. LhBludleor
eauliuflemed (300K)ed Bifledr SpT&HGHT
wOHMId  urgm  eN&gD 3. eTeuflemILD
&emmeureot  eleuliLflemeouiled  (<50K),
Bifler o6y SifafEHSTmE.
SHMEOOILIL(bEUEMSS  HMLIGEVID

oo L L_ThI&6T

LI

2 I B([HHSHET

LI
LhBluTed
BLESHTS snl Lmisaflled oifles ummm B
snevoTlLbEDE. Bfledr pTHEHT LHMID
umgm  ef&sD 2.5.

A/O\* */O\I
H H H H
| | | v

2156sM H,O0  |nppr H,0

4.5.2 @uihHLetoTL &6l

ererflled

BILOLDMELD.
CLPEDE - )8 6TH S 6L GILILLITEDT 60 UDL[T 23607

BImHD
Fnlqul

Brmeorg)
syellwinsss

LlemevorLiflevred, &mISsLILLL Hlemevemioufled



(Condensed Phase) Honeorg sefllds
uetoT&emenl eupBlpéSng. Bifler iHa
2_emmHlemed&@LD, &Sl Hlemed&H &L
Bifled 2 eten  emamLrmerr  NemevoriGu
snyeooon@o. mifledr fleo  QuIHLeToTL &6l

SiLLeuemeoor  4.260  GMIINILLILL (beTerenT.

SiLLeuenevor 4.2 — B,

SySweunrledr LIevoTL|&6i

serby, oiflserBi

LievoTL

H,0

D O

T,0

CLPED S En M)
Hlemm

18.015

20.028

22.0312

2 _emmIHlemed
(K)

273.0

276.8

277.5

a&n&lHlemed
(K)

373.0

374.4

374.5

o1&
au_lfr,&,g,] .
SI60OTLILI(HLD
eeuliu flemed
(K)

277.0

284.2

286.4

a1 &
SILTSS
(gem™)

1.000

1.106

1.215

SILTSH

(gem?)

0.997

1.104

1.214

gyl
SI(RSHSLD
(mm Hg)

23.75

20.51

19.80

unm@&hlemed
(cP)

0.890

1.107

LOl6OT &L
ommledl

78.39

78.06

9 _(HeUNSHeD
ereotHmevLdl
(kJ/mol)

—285.9

—294.6

SyeXlLingen
eTeoTHmebLd]
(kJ/mol)

40.66

41.61
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FHeoflG SOIUSL
Hlemeoulled siemenTsg sTeysSEBHLD 298 Ked

SMLLULTS
Q&M (b& & LI L (b 6T 6T 60T

453 GeudlliLetorseit

2 _Geon&id, SiBeonsLD LOHMILD
B&ITLOMI&(ETH L 60T Brmeor g e6ueuBeum)
&60T6MLOW|L 60T eXlem 6ot flU1& &g WLIS).

&sMT 2 _Ceonshser Hd  eflemeorsHHmeor
Hesemel. @emeu BT Geflihs Hlemeouled
QEHeTID &l IHEWET FlenSHEUEHL IIE
65L& emaDLTmemeT ceueflGumbmieusiL 6o,

SIS HMIFMONS  SHHHOTME.

2Na +2 H,0 — 2 NaOH + H,T

eufledwid Hedlm, eemeoTwl ET6COTLMLD
NG 2_BeonahiderT, HMTL_Be0nsHhishemarL
BLedr  eflemeoryfléledmeor.
Syeormed  @eunmledt  eXlemeot HmedT
DV &SEMMDHEUTGSLD.
MADLTTHEDF (b6,

Gureor@m
&M
9_Benn& ks emel
Seumniledr
9 _QBeonahisefledl emaDLINESen&(h&hemaTedlL
&WDHS

S

HMIHMEOT 2 _6mLUIEME.
Ba +2H,0 — Ba(OH), + H,T

floo QemLFlemedd Hevfllo 2_Beom&H k&6,
gLmeor BELGeorm sievevg BrmefuyL Georm
ellemeotflibg SiEUDMIEIT  SH&HEMEF(HSHEMEN S
SHHOTDEIT. T(HSHHISHHTLLNS, 618 Ehg:L 60T
By (iron) gl Brmeflenws 05158, by
(iron) sy&emenb 2 Heundnsgl. Seueieneoruied
DL rger aeuaflGumnSng.

3Fe + 4H,0 — Fe,O, + 4H,T

6L WOHMID STUIUT Q6NEHEL (b GleuliL
Hlemeouled L bGw0, Hewrs HemsdHdleoTmeot.
dlebeurt, G&med(h, LT &@GIfl LoMHMILD 6L Lq.60TLD
Gunedtm o _Geonsriser HHL6eT ereuedls
ellemeorio Yfleudlebemen. Heoflo Hlemeoudled



© eTem  SMTL6T, &eOUT LOMMID LIMELIT6n
BuredTm SIBEOMEHMHIGET [HIHL 6T FTSHITTETOILONS

elemerLifleudlebemen. BmHeGurdeib
(pedTeoT@Ir SO beTemeumm) ST LI6OT
OFEHGHL(b  SDEDF  6l6UEHIL (b 6Ll

Bemeouled BrmelwLer elemeoryflbg BT

amnyeneus (CO+H,) smEDFI.
MO, GameReTsHe6T BB 60T
elem ot &l Sidlend HEDTFEMEDH

SHEOTDEOT.  TbSHHISHTLNS, &Cermifleor
BoLer eflemeryflibg emaml GrmaGarils

SO0 HEMBLL|LD emanLGum@Gatmren
SVOSHMSWID  HHIDEI. Beuelemeor
&Germifledr Bifledr mlevoT ool

eI HHeoTemoHGL0 (Antibacteria) 6l6uEH&HGLD
QUMHEMTS  LIWETLI(heUSMSLD  SHMTTE00ILONS

Siem W H D &
Cl2 +HO— HCIl + HOCI

ayeotmed Lesbifleor BpLeor Geum) eXsLons
ellemeofibg SysHflgement QeusflebEH M.

2132+2H20—>4HF+O2

GumenBeu  SiBedn& RIS 60T
BpLeor eflemeorfib g
&6WITF60SEM6MEILIT 366G
SIHEEOTMEDT.
9_l&erfleor

Bzementll
GaILorhI&el
O60SH
HMI&H &6mI F60&H6m6T BT
TbSHHSSMLTS,  SmTLGeTL

Bissenraed fArHeney SIS SHeOTEOLOW| DL ILIG).
CO32‘ + HZO — HCOS‘ + OH"

i
Bseorned @ LCITLLMeneT eIphi&e|D,
gn&eyD (Wigub. ererCeu &g idleoonsHeyw,
SMILONSELD O1FWIDLILED &. 6T(bSHISHSHTLL TS,

FIfleys SHeoTem  QSHMTEOoTL G-

HCI 2_L 67 eflemeotiyifluytd Gung) Bomeorsl @
yGrniLmemerr amdm&E. Speormed efflwid
&emmibg emmomeor NH, 2 1L eor elemeoryflujio
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Gurgy Bomeorg) 6(H yGomLLmemeot

QUPHGHD ..
NH, + HO — NH," + OH"

HCI + HO— H,O"+ Cl-

Brmeor g siweofl& B&IILoMhI&H6emend
semI5Hng. Guwaid e  Fslemevoriiys
B&ILomI&eiT BIMHUGLILEDL ST 60T.
SiCl, + 2 H,O — SiO, + 4 HCI

PO, +6H0—4HPO,

Biré
eLP6LLD
Flemeoudled

GILI(THLDLIT6DIT60T o _lserfleot

&6MIT F6DEHEMEIT LILQ. &LOM & & 6USH60T
QUMLILGD LIg&SMIGeT  HETmw

BGrmmioemLbgi6iTem
o lysefled 2 eem B CLD&HEMISBET, FHED

SHIT6vOTLILI(H&60TM6DT.

NemevotlifledT cLpeoLd LiemeuoTéaLILIL LY. (HEHSHEDITLD

31660 G LG & S1600f15 G & memeuufeoT
BemL66ueflufed SHTE0OTLILIL6DILD.
TbSHSHSHMLLTES,

[Cr(HzO) 6]Cl3 - B@&Csi & gledleyeten

SmTHH M BT CLP0&HFNSBEHD FHED
NemevorlidledT epeoLD  LN60600T& S LILIL (hEITEITEDT.

BaClZ.ZHZO - 85FGaT105 5160 T 600T(H
B cpedemmsEbd  SieoflsGsmemeuulleot
BewLa6uerfluied SiemLobgieTereor.

CuSO,.5H,O0 - @5Geiwsdled b6
BT cLpe0s&en mis6i
cpeldD QemeTtHSLILIL(heTeng). mbdTeud B

FHeL  Lemevorliileor

CLPEDSHEn M) SI6METUTEY Canens Hm&
GeuerflGu SIEMLOMHGIETETS). Geuerfludied
o eiter BT CLPEDEEn. M) LOHEDT(H
[Cu(H,0),]SO,H,0 CLPE0E ML 60T,
CLPED&En M)I& ETHSHE BemL Guuwimeot
DL TR Leneoolient  aDLbSSHIEDE.



'

) e
"1

Cu

O

ULLD 4.4: &MU FOoGUL 66T LT

@ O

DL CrL1q.60T SiemLoLiL]

4.5.4 slq601 BT LOHMILD GLo6DTEDT [T
&lqeor BT He  Seney
Siwievflsemerns G1&IT6TOT(HETET&l.

&Hevfllo
Brfled
SEDT W& &n.1q W STEOFWILD LoHMLD 61060t FWILD
Ew 2 _Geonsmiseflerr Gmi  SiwefleaGar
EILHLUTEID Slqeor Hifled SmevorliLihaedTmeot.
QM0 GLmsefled  SHTeToTlLGLD  SLq.60T
Bifled @@y (iron), sigesflwibd HMID
rhisefey  Gumetm 2 _Geonsmiserfler
siwenflaEplo 2 eitereor. QeueyBGeonahlserleor
enusTITUGeTL, GGemmenm®h WHmID sFe0GUL
o _(yser Hifled &meoorliLheusned, B &Hlqeord
SeOTemLWEDLEADE. HlG6oT HewT 6&HTHHS
emeubGD Gungl, SiFleeTer  6ILdeot Awb
LOHMILD
SMTUG60TL (b6t

Smeddlb 2 _Beon &l derfledr
6fiLpLIg euT&edTmeDT.
sredwb wHMID EwsefAwsHer Bifled
semIWD 2 Lyser Qeveons B 6WedTeot T
Bt slq.6015
HeoTemlD @Ietor(h GUEMSBLIL(bID.  HEWEUSHEIT
SH&NE0lS  SHIQEOTHSHEOTEMID LOHMID  HIHST
HIQEOTHHETEMD  SHSLD.

6T60T  DMPSHSHLILIGbID &I
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SNHSHME0IS H1q.60TSHSHE0TEWLO LOMHMILD SiFHEm60T
EACETY

Bifled semIwsaniqu, smedSWD HMID
owdetAwd gyHweunmledr emuUSMTLGTL
9 &6 &MeollLbeBe0 sMH&HNeds &l 60Ts
HEOTEMDHS (PHEOTEMLOWITE0T  SHITT6OOTLOMGSLD.
BQeleuems Heor 6sMHsHS cmeudhs LNeor
QUG BHL(bEUSHET CPELD &HIG60TEH HEOTEMLOEDILI

5&&60MiD. Q&MH&HS emeuSHGSLLELTE),
8y emusTTuGeTL 2 _LL&HeT, SHemIWns
smiuGertL 2 Lysemnss  HlemgHeuemLibhE),

efipugeunédleitmesr. @eueumm 2 _(HeuTET
ewdefdwib asnruBer. Goeib BrrmudLy
SiemLbHE| SHEOIWINS G &60T FIID
DD ITHENFmL & SHIDE.

Ca(HCO,),— CaCO,+H,0 +CO,

Mg(HCO,), - MgCO, + H,O + CO,

MgCO, + H,O — Mg(OH), + CO,
QUG B (bSHEL CLPEDLoN S 66T LpLILG 6Y&emer

B&HHEOMD.

THITLD, Hemmrs (wemmuilemeoTL
LIWIeTLI(bSFHUILD, SN BTE0S S1q 60T HE0TEmLOEMIL
HésHeonDd. @bwenmuled — SHevorébaL UL
SI6MT6Y &6U0T600TDL [BIMETE) SMebAWID LMHMID
OW&HETAWID  Siwieofl&Hemend  61&Te00T(h6T6T
slq60r BpLeT CaTsslLbIDNE. Sseued
2 UG  MADLITHEDEFH&H6T  LOHMID
SMTUGETL (b&6T Q&L  BEHSLILbLSEOTDEDT.

Ca(HCO,), + Ca(OH ), — 2CaCO, + 2H,0
Mg (HCO,), + 2 Ca(OH ),
\
2CaCO, + Mg(OH), +2H,0

BIIhST 819 60TSHSHE0T6MLO

QW&etAID LOHMID &SmeLAWD  SpH&u
o GBeonsmsafller B0  HemIWSHER I,
&Cemmema WHMID FOGUL 2 L serfleoTmed



BIbasr S90S  HEOTemD  G@MHUGBSME.
soemeus GamLmemens CoisHs SBFHemeor
BoHBe0MD.  Feoemeus BEMLMEUTEOTS| &Hlg.60T
Bifled  sewmmhgeTer  SmEOAWD  LOHMID
eI &6oT SIS & 60T &Cermmemir(y LOHMILD
FebBUL(hL60T elemeorLfiih &) SieummleoT
semIWNG &SMTUGCOTL(b&HemeTd  SHEADE.

MCL + Na,CO, - MCO, + 2 NaCl
MSO, + Na CO, — MCO, + Na SO,

&lqe0T  [hewI  6WwedterfomEd  MHML
LIWI6OTLI(HLD LOMEMIT(H (WPemm Siwlenfll uflommm
(PempWNGLD. bpennuled, Hiqeor Brmeor g,
fACGwnemeo.  Gumedtm  swenflliufllommHmL
eun@eT  HriuiulL  @ml eudlGw
FQVIHBLILI(bEUSHEOT  CLPEDLD  &Lq.60THSH6E0TEMLD
BéalubADE. HBwimemedL_(haeiT
erebtueor  HGIMMD  eudpm  Gsmquid
aQIOCeor  HOECHLb&ET SpGD. emeu
Na,O, ALO, X.SiO, YH,O (X=2 (pséd 10,
LOMID Y=2 (PFH6d 6) 6eTedTm  EILIMEI6UT60T
eUMLILIMTL 1q 6060TLI QD my6iTemeoT. FlGWImemeDL &6t
[HI600T&I6MET 611G 6UEMLOLILTEW6TTL! QILIDMETEN &l.
anmlgeter  @Hemm  Gewevor  Flmeor
eupmieter  Gamquid sweofleer  ererflsns
LlemevoTéSLILIL (b6ITeN &). e swevflser,
BifledT  HlQ60TH HEOTEWOEHSS  STTETOTLOTEOT
2 Beons suesflaer (M=Ca** sibeog Mg*)
2 Leor uflomMHOD SieWLADE. — SiemeEvuTeY
auqeuddleneor Na, — Z ereor GUILLIL Suigid.
@dled Gamquid syeorg LflomHmemL WD GCoiT
Siweoflwm@Lw.

Na,-Z + M** — M-Z+ 2 Na*
siweoflliufliommHmid (P(QEMIDWIEDL [HS
Weoreor, BI&5s Gamquid &GermemirigemeoTs
Q1T QIS 516160 eLpeLd
flGwnemevL g emetll GlLmeond. @piblspesled

emeyLd

HBwremenLiqeoTned FISHSHIE E&meTeriuLlL
Ca* womib Mg* swesflser, Gsmgquibd
siwesfleemmed  Lflondod  OFLWILILIGSDE.

M-Z + 2NaCl > NaZ—Z + MCI2

Ca2+/Mg2+
Na*
@)
-3
b
=
5
8
Ca2+/Mg2+ %
Z

o)
SO

o=~ Ol\‘

4.6. seTBT

H0T  WADLTREM60T  SpSHeMEFLNETS)
HeorBIMGLD (D,0). 5000 urhi@GeiTer FNST6sor



Bifled @@ UG SeTHT SMTeUILGADE.
H,Oemeus Gumeo D,O eraflfled 1letreormm
velIh® o LuLng eredTuSTed [Hiflement

OeTeOTTHUGSHSHED  cpedld  &eoTiHiflement s
eUMELMID.

D,O eetugl EmwoHn  evoIOHD
Gemeuhn 6B STeIonELD. ereuflenild

B wopb soTEGEHS BeoLCw Suin
uetorysefled  GSOIUNL$5585 GCeumUmbeeT
B6auCGaunLn(b&eT  Si L 6U6me6uT
QBM(b&SSLILL(b6TeTS).

o _6iTeImeoT.
4.26e0

, Benmly & @p L e,
. ‘5&@1§ﬁ .@anmamarr
- iy  DIDISZOOS  SGADE
- o e ?

slq.e01 [Bifled, G&FMLILSEmaNLI LW6TLI(hSSILD
Gung), SieuHMI60T HTILEMOWINTSGSLD HmedT
GODADE. GFTILSH6T eredrLeT [HevorL
shidedlenLw asmpLL Sibleoriserledr
Garhismil 6T600T61600TLL)
SI60ED G
o lysenn@. Gamiunerg &lqeor Hifled

(er.m.

Gamquid eumCLrdwib
GersaliupbBugl, sger Bifled 2 erer
B BemettTHMEITEHTET0TL. GIL0&H60T ALILD
Sive0 g HmeLFWID Siweofleser G&mliLeor

elemeorfiibg,  Gamindleor, &mebAWID
LOHMILD G et Awid 2 _LI&enns
efipuig eun & D &I

M?** + 2RCOONa — (RCOO) M + 2Na*
M = Caor Mg
R=C_H

177735

4.6.1. ser Hifledr GeudlliLetorL &6l

60 QUDL_[T 2360 60T 61&ITE00T (h6IT6I
Q& ILomhi&emear, DO o L eor
eflemeOTLILIbSHIDEUTS,  DEUDLTELEOTTET S,

122

1qup Ui fluissmed uflomdobd a&wLIINILIGEADS).
2NaOH + D,0 — 2NaOD + HOD
HCl + D,O — DCI + HOD

NH,Cl + 4D,0 —ND,Cl +4HOD

) GamwdHled &HME0OTLILI(HLD
SilLI60f &S 60T LD 6T L LLI 60 DL 836M 60T 5
s, @hs uflondm  eflemetaer

L Wl 60T U (b & 60T M 60T .

ThHHSESTLLTS, D,Oemex
emamnLEum UmeoLTen SO0 & &)L 60T
eXlemeoTLILI(b S &I LT &), 1qup CiqfluissmeD,

®CT &M emaDLIgmeT LG uflorHod
FwWlLGEDE.  Seueflemert, emamUIGUT
LmeOLITeD SO0 QIH SHMTTSHSHIEULPEDL LIS
SN (HeUSTSH

6T60TS SieMOSH D).

H,PO, + D,0 — H DPO, + HDO

dleo
Swnifléaeyb

iqup Cfluig GaILomkI&HemelT &

Beueilemest  LIWISOTUGS DS
Al,C, +12D,0 — 4AI(OD), + 3CD,

CaC, + 2D,0 — Ca(OD), + CD,
MgN, + 6D,0 — 3Mg(OD), + 2 ND,
Ca,P, + 6D,0 — 3Ca(OD), + 2PD,

4.6.2. searHfledr LWeT&ET:

SEVHHH 2 _enesHafled)  Ceusones
aseeID By TeiTsefledT SpmHmemeD, SeotBi

&EMDLILISTED sl L (bLLUGSSWNSL
LW eTUGbE DS
&Iflo eXlemeoT & 61fl60T elemeoTouLfl

(PEODSHEMET  HEOUTLMIFHED LOOHMID 2 L 6D

QFWm &lem 60T He6rfl60T euLfl(LemMm & emer



Soneofitiugled
LW edTu®b& s .

8s

GeuLmleumeornaLl

NG 2_6meGerfled  QeuerflliLbd
el PHmemed 2 MlEhsd HeoTemLoullemeor
@& euhMBLLSTED,
LW eTUGbED &l

GeflFeflliumeoTnaLl

4.7. mDLITRQE0T OILTTHMED

manLrger aurnsenssh (H,0))
(WSEWIDOMEOT OLTTEHEDFLMESLD. o _Beona
OUIMHEMEF(bHEMET, BIHS SOOI EHL 60T
6X16m 60TLILI(b & 8162 S 60T eLOEOLD Bsement
Swnfléseomp.

BaO, + H,SO, - BaSO, + H O,
Na O, + H.SO, — Na SO, + H O,
QSMYPIN(PemMUTED, 2 — SHEDEMEHED SHSHIT

GWleoTmemed &l Sp&FRCOTHDD SieMLIWIEF
aglleugeT cpeold HHEUNE  eMEUDLTER60T

ournsems®h — SWNflSsLILGEDE.
OH
O
C2H5 CZHS
+H
SOORN- 08¢
eflemeutuy, &
. OC . . . OH
2- erpdled HHTSUIGevTMEDT ¢+ o,
(@)
CZHS
+H,0
e 20 o (L0
B0 Sibése 272
+H,0,
O

2- 15 Hled hSTGUIBevTmedT

40% H, O, semmaed
4.7 1. @wmLetoTL &6l

SMLIHLOWITEIT 6MEUDLTER60T CILTTEHEME(h

améay Howon Sreuon@. (aeueflinbs
Feo Hnb), Feomel. oifles un@Henas
HEOTEMLOW|LD, SEMMEUTH Syeflwn@Lo
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&60T6mLoWIl6m60TILLD 61&T6TOT(HETEN &)

60 UDL_IT 82607 CILIT T & 6M &Lq 60T 30%
&6MIT F60IT60T &) 100-&E0TSI6T6Y  EDEL TE60T
SOILSILULGED &I
gL aeuiu o168 Hemeouled (S.T.P.eb) 1 mL
Siemeyetern Qhd AN TRET ELTTHNFemL

QUIN&HEm&F(b 6T60TS

gy (bUbSHIDELTE) 100 mL S & &lgge0T
QeuafllGumdm&l.
4.7.2. GeudlliLevorLseir

60 UDL_IT 82607 QU T&HemE(h LO&HeYLD

IBlemeDLIL| S SH60T6MLO DM &)l LB 60T B[] &S EmT F6D
sneornsGey, eX&ls HemgeuenLibg & dleeor
LHMID Hemr & SHHAMD ). E616N6ne60T Lo Gl6UTEH
Hapeusnes @mhs Gundlain, 2 Geonsd
ellemevTuy, HElWINS LW6OTU(bSHSLILI(HLD
Hlemeoulled 616UGHGSID FH6EOTEMLOW|EML WISTGSLD.
Bsementd sevvTevorly. HevetTsefled Casifls gl
meusbGD Gungl, &evorevormiquiled 2_eiterm
sMr 2 Geonshisemner @& SHOISHEDE.
88 el&lss dlemgey
ellemetuy, HGEWINSNG.  B&HMTevorsHleormed

elemenTdh &

sneot H,O,, semrseoner gl OnbSS sHeveorserled
Gslflss  emeUSHSLILGLIDE.
H,O, > HO + %0,
MADLIRENT OLUITSHDED, A&HFCermn]
LOMID RPSARET QOLHE p&HW STesorh
660 60T (TH L& 6MMSHEYLD 61FWIELLI(HLD
SHEOTEMLOW|EMLIG). QUPSHSHLONS HSHFLCeoThMm
eflemetdHeT Sibled 2erL_HHHQID, HSHFL 60T
b&HE el 5 &S QILD
15810 &5 L1 b & 60T M 60T.

ellemeoTHET  HMT

Sibled Lerl_&&Hl6d
HO,+2H"+2e ->2HO(E’=+1.77V)

T(bSHEISSTLLTS,



2FeSO,+H,SO, + H O, — Fe (SO,), + 2H,0

ST erl_&H& 56D,

HO,+OH -0,+HO +2¢
(E°=+0.08V)

T(bSHISHSHMLLME,

2KMnO, (aq) + 3H,0, (aq)

l

2MnO, + 2 KOH + 2 H,O +30,(g)
4.7.3. maDLIR60T OLTTS6N&Iq 60T LILIET&H6IT
60 EUDL_IT 83607 QT IT& 6m &Lq 60T
&nGermmid HpedT WLOHMID SFeoTmed
2 _HaUNGLD eNemeoTeILNBLS6TTeuT B LMHMID
psdfmeflett SnanHm SeTenLWTID, &)
L6bB6U M) LILLIEIT S 6m6ITS 1S ME0T(b6Ten g). [HemT&
&5HSfHGSD OFWedPemMEHEIT6D LoNME:d e eme6l
368CeTHMD SemLIWE OFLIWweyD, eSflwib
&WDHS  UdISSHGbLLNETSD,  Sl6vof],
SMABID, (P4 UTHISMLIL OSTHDETene0SH6rT6D
QEUEHSHSID  QLIMIHETTHEYLD  LIWEITL(bLEME.

upraisne  ellwihigefled,  616u6ToTemLD
BnsHH S LWIEOTLI(hSSLILILD BImLAIL
LM HEITT 60T Pb,(OH),(CO,), S E0TG)

SMHMled 2 66T MEUDLITRET FeD6MLI(bL 60T
ellemevtfleugned &@Hemwo HM 6160 F6DemLI(H

9_(TH6UIM6US60T ST 600TLON &, 616)600T6MLD
Hob  Qsslucdng. 60 QDT 83607
QLT 6MEL 60T &) &(HemLoHIm
61601 56D 6mLILY. 600 60T G6u6TITemLOBIM
6160 g60BLL L& LoMHMIEUSTED, ek serfleot
Bob  Semd  OuDLILGADG).

PbS + 4H,0, — PbSO, + 4 H,0
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4.7.4. mDLIRQ6T 6IUTTS6mEL.60T SlemLoLi]

eumwy [Flemeoemlo LHMID HlTeu HlemevsmLo
&AW @ Hlemevemosafleid S e an m),
gmiey 6uFeMLINeN6TSH  CISHTETUT(HETET .
QeleeuT pSHSgeT  geTer  HeflEHs
eTeD&L_ITMe0T& 6 L60T, OH LNemevotLiLf 60T 61608 @&
BemLelemenr  HMoevoions  @eueusmLoliL
gOUGHME. Coeid, &85 eDeoDL
Uemevoriniedr euflGw eamupld  &pndS
SewLUlemeot LD MIeTT FMlL CLOEDE & DTS LD.

eury Hlemevemiouied Sl Hlemedemiouled

———————————————————————
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o \ \
1095 A\ 94.8 115.5° 10,98 A\ 101.9°
' \ \ ' \ \\90.2“
\———69—69---\ \_\__69_()__\

A
AN AN

______________________

uLb 4.5 H O, o1 siemioLiy

H,0, SHeoT gl (PEEVTEUDMD
allq euemLITemenT QLD MIETETS). e
OO  HL  FHlemeeniouled
&M ellqeuemlifledr  Uflomevorhi&er
4.560
&g euemLoLI6meoTLl

1FlémeDemLD
ULLD Q&M (bSSLILIL (66T &.

OUNHSHSHEUDITUN6D,
@retory OH™ esn@dlaeEsd QG sersdled
siemwngd aaen (dihedral) eulq euemLolieor
cweod H, O 6meu @MiuliLeonmbd.  u@glwerey
SHmb& L5858 &S 60t
SIFFD GY&HFRE0T STNIHSHEBLD, LsSMISH6r 60

M EUSHBLILIL (heITerm



EMEUDLTR60T HTNISHSHEBD SHLILSTES 860
6119 6UemLoLILSl 6 60T 2_(HeUSLILI(bSHSEOMLD.
S
60 EUDL_IT 83607
8w BHEITTRI& (ETH & ELD
Ganmevord 90.2° s GewMEDE.  Cad

Flemevemoulled 2 66 CLPEDEH FonMil6D
L emevoTL IS 60T &ITIT600TLOM &

BemL_Guiwimeor

-0-0-H Ganevordb 94.8° edlhg 101.9°945
sflesflé&dnsa.

4.8. e DL 6D (H&H6T

2 QGeon&ruser OHMID  HEeONSHMISET
9 areflLL.  @BIledT Heotemo 2 _emL LI
SeuflomisEpL60T, emaDLIReT Semeounbs
Smemw DL DIbLEMETS SHIHHTDE.
8w ©_(B60 &kl &(6THL 60T B emevoTh &l
(POEMD  EMERADL DI (bSHEWEMLD  SHIHFME.
TbsGIHSTL(b LIBH, opmo LIAIH, Seunniled
SHMeooTL LD  LNemeoorliNedT HeoTemLoudemeotLl
euTMISE, Siweofl emanlenThasr, 2 Georns

MADLeMIbSET  LOmId  &FsLiflemevorliy
60 DL 6WIT (b&H6IT 6T60T QUM BLILIbSHSLI
LI(h&l60Tm 60T. ML TREME0TSH  HITLIGEYILD

&6DMEUTEDT GTEDSHLITTET & 6UIT&H60TEMLOW|6TL LI
SH60fILOMhIG EIHL60T ©_(THEUMGLD 6MEUDL6DIT (h&6IT
EULPSSLONS Siwefls He0TemLoUT 6m6oTLI
OUDHMH&HELD.
SNHSHIOMEOT 6TEOHLIMEOT & 6UT FHE0TEMLOW]6mL LI

ML IT36m 60T

euflomis@pLenr Qeneoihgl soLiLNlemevorii

60 UDL_6MIT (b & 60I6IT 2 _(HeUnT&GHDG).

aiwenfl (Saline) emamL emmh&erT

Bealeuemsd emamLemIbaEer, GrILdleor
SHEOTEMLD 2_eWL LI, ST 2_GeonShi&eT HMID
ewfledlwid, ewsetdwssenerr seliTsdHs 19D
&Mr e 2 GeonshissT SpSHeunmmed
9 _ (1 6u M & 60T M 60T 2 @60 &l & erfl 60T
TEHLITEITEH6T emeDLTReIHE&L LfllonhmL
Lbheusned Semeu 2_(HeundleTmeot. & &Hem&ILI
seoflohisemer 400°CHS DL TRED)IL 60T

QeuliuliLh S Gl eusmed Beaueuem
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6D QDL 6WIT (b&H 66T S SHWIMfl&H&60MLD. S)6m6UH6iT
2 liemu Gunedtm HeTemoullemeotiyd, SiFlad
2_(H&HlemeDemLILLD 61&ITEUOT(h6IT6ITEOT.
smanLenrb Siweflsst (H) wpmib 2 Geons
GmiT siwevflae (M™) 61&IT60oT(H6IT6IT 616)600T60LD
D UG &HSSE0TemoW|emL  Fl6ToTLOOMGLD.

2Li+H2—>2LiH

2Ca+H2 —>2CaH2

&L emevorliL] (e e0&8n M) 6D EUDL DT (h&6lT

8&Cswhiserfled, emanLTgernerg 9D
SH6uflOThIGEIHL 60T, 6TEDHLIMEmEDT L& (b
asmenHng. SiCeonsraiserfledr G g) 6TeoT
&F&LI96m600TLILY 60 DL 6MIT (b & (6TH & &M 60T
TbSHSST(b&H6T 55ECH60T, SibGomevflwim,
BF  womib
&L emevoTLIL

emanLTnar  GGaTmemm(b.
60 QUL 6MT (b 6IT
Uetteupomm GOQID COEOTM|  EUEDSHILITS
UM BLIL(bHSLILI(HE60TM 60T. 6T60&L_ITITE0T
(B,H,),
60 DL 6WT (b&H6IT

&MU (HEMLLLIEM 6 6TE0SL_[TT60T

AFH HLOMS o_eiten
(NH, H0) ,
6\&IT6TOT(h6ITET 60 DL 6WIT (b&H6IT
CH, SH, GeH,).

eumSaemmsGeur

FflLmeoT  6T6D&HLITITEm 60T
(CH,,

Bemey  GUMTHEUTSH
sievens  Spellwn@d
BiomisermGeur SMEOOTLILI(HE60TM 60T
8556m&W

seuflgs, Bl CpeLSHeRMISHETTS 2 _6T6TeT.

ereleoTeufley, 6 DL 6WIT (b&H6IT

sieupMInHSHenL G LIS L erefled &emmeureot

sauisdl  eflems  sMEOOLILGbLEDE.

2_Beons (BemLFF([HSH6D) 60 UDL 6WIT(bSH6T

2 Geonmsmiser P 2 Geonss
& 60 60D 6 & 606 smanLT6arHmHI D&
2 'LihSHEIEUSHE0T CLPEOLD UPSSLNS 2 _Beons
60 UDL_6WT (b 6IT 2 _(HeUNSHaLILLE60TMEDT.
92 GBeonsaser |/ 2 _BednasHse0emeuderfleor
9160011 & B & IT 6> 6 B e L 6 6uerfl & erfled



(e eumML ki Herfled) 60 &N L_IT £3 60T
&SM6TOTLILIHSD . ereoTG6u Bemeu
BemLFOFHHD 60 QUDL_ 6T (b 6IT eTeoT

SIWWPSEHSLILIGbHOTDET. BsFHemawl 2 Ceons
maDL6mI(b&6rfledr LetoTL &6, iHled 2 _eierm
2 _Geonshisefledl LIGITLSHEmeT  6SHSHIETETE).
eTeoTBeu DemeusmHer 2_Beond 6maUDL 6D (h&6IT
6TEUTEYLD SHEWLP&HSLILI(bEGOTMEDT. GILIHLOLITEYILD
B55maUl 60 EUDL_6MT (b 6IT Geudl
6Xl6m 6015 & M) ads & dled SIEMLOWINS
LINIUGLD  Demwiileneor (TiH _ . LOHMILD
PdH____.) ubmieereor. Ui siemeiled Hed
manLenIbaer QEeFTOTHTHEYD, 66Ul
HlemeolIdFHe0TemD  ADHMBTHEYD,  6lemed
Lo6dleUMEUTHMESEULD @IHLILISHTED 6WEUDLIT 260607
Galsal LweTuhdng. CHrILbleT SHeoTemLo
2 emLw 2 Geonmsruser  wHMID  Hled
2 _Beonsmiser MH si6be0g) MH, (M = Ti, Zr,
Hf, V, Zn) eteor siemowjid Geudl elem6orésn m)
&S50  CLPEDHIM]  EUTLILIT(HEHEHEML LI
60 QUDL_6MIT (b 6M6IT 5 SH([HEGOTMEDT.

4.9 emanLIR60T Li6me6voTLiL

Geudluiwied ommid 2 _uiifluied Hlspeyserfled
Bumenauiled Bled M  (pHSDTET
Hleey emamlirmer Lemetorium@d.  DNA
LOHMILD U srhiserfleor 6119 6uemLOLIl6D,
emanLTReT Llemetoll O& WSS UkiE
QESEDS. 6 EDRDLTNET SIETDIEUTETS)
H), ofle eTed&HLONET SHEUTHEOTEMD ©_6mL LI
Lcepifleor (F) Siebeogy pderdlgent (O) oiedens
ewpLIeeor (N) GUTEITD SIETNISHSHET 660TMIL 60T
HemeooréslILL I HSGSL  Gungl, Siifemevory
(wemevtaym)| LlemevorLnEng. eueilemsneiieor

SHMT600ILONES (LPEmEDTEYMM DAL TE260T
SIGOD)EUTEDTSH] HGHE0T &xlpE0l6d 2_6iTeN LoMHE(H
6TEDSLITTE0T HEUTHEOTEMLD S &(LpemLLLI

SITDQYL 0T 65 6UdlemD  GHeWMIBHS  [Hlemed
leoteofled &euTsdl eflemFemit  EDLIbSSHID
Buiedfemeol  QuDMiETeTE. = @&HsHeuTsd
elemaG 6DEUDLTEQ60T flemevoTLL
(20-50 KJ mol”) eredtm Siemp&aLLbHDSE.
@ullemevor eflbulL  Ganpsemned (...... )
GSH&&LLGEDE.
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@lullemevori  ssLdlemevorliemu 6Nl
6u60l6MLD & 6MM6UTEDT & (>100 KJ mol™) oy eotmed
eumetoLfeunebely  &eufFH ellemFemwed
euedlemwowimentgl (<20 KJ mol™) smemL meedr
Wemevoriunenrgl, el ipssn (H,Owpmid
H,S) es&ndlflene, &euriser eerEmh
QE0TN] H606GLD HeoTenio (H,Owmmid C,H OH),
urly Spellemns, LTS48, unGHleneseTsmio,
Syelwmsed LOHMID 2 ([HSSHEO6T E6ULILILD
Guneotm LeBeum SuihuetorLsefled (S
elemeneysemen  GDHUbLSHIFME.

CL60&Fn ME0)I6T [F& (LD 6mamL T8 6T LiemevorLiL

e0&snBlen)eT  [HH(IQL  6WEUDLT 60T
LlemetorILNeoTdH @@H SH0{lHS PS8 MNISHS
o aremn&Geu  HlHPEDE.

a»m)l_ggso'r ﬁlsmsomuu anslr)l_[rgsiﬂ Nemevoriiy

St g

TG —

B G gnedldlenmelg. eman(h

Seormen

LLLD: 4.6 ce0&8n BlenI6T [F&(QLD emamL Teedr
flem evoTLIL & 6iT

CLP 05 . )] &(ETH &l emLLILIL L 60 QUDLIT 22607

19 6w 6voT L1

WPWOSHFM&Ep&SSHewL UULL

DEUDLTE60T LemevoTLILITEDT &I Brevorh
GaumuL CLPEDSEn MI&@EHEHHlemL Gl
H&pEADE. 6 QDL [T Q60T emevorLiy

BevLalleneienil aDLGSHUSDS CTHEUTE
MEDLTRET  6UPHIE  LOOHMID  EMEADLITEE0T
abiienerr s5&HS BLdFled GUDHMIETET
&CT  LrHflmer  cPE&HEn MIGET  Si6LEDE
GleueuGeum) CLPEDSEn MI&EHEH S emL Gl
B 556m&I DANL_TE60T 960 600TLIL



2_meun&mg.
CLPEDSEn M| &EHEE
emanL e  Llenevoriunergl, Sio@meoflum

T(bSHHISHMLLTE:

SemL L
CLPED S En MI&EHSH S emL G 1bl&Lpe0rLD.
sieoe0g BT cpeodan misEHsElemL GuiGuwim
oo B
CLPE0SH TR MISBEHSHS ML CUIGWIT 2_([HeUTSHE0MLD.

31660 G SioGomeoflwim

BI cpwossmmse SlemeuseEnd
DU ITER60T
LlemevoriemL 2_(HeUTSHESIME). 6T(bSHHISHTLL TS
QEUeeUT[H B  CPEOSHEMID, WLHD HIETE
1505} CLPEDE G )| (ETHL60T 60 D L_IT £3 60T
L9l 6m evoTLILIT 6D L6me0oTSSLILIL(h6ITEN &,

HemL Bw 6601 60 LD LI IT 60T

GOMHS SMID(I00 pm) &F&LINem6voTIEMLILLD
(FILs Gampse) WOHMID e SMID (1I8Opm)
6EUDLT 22607 femevoTLiemLILLD (el
Gambaer) SMGEe0TmEDT.

uesfléaLliquiled 2 eTem  geueleum(H
SiEEnIeYD, BreTpd eugelled BTG BT
CLPEDE Fn. )| 8 (GTHL-60T 60> UDL_IT 60T Lil60d 6T0TLILI 60T
Qeeeun® B
CPEL&HFRMIEID 2 _6Tem @I600T(h 6MEDLT 60T
SIEVHSHET LOMID Wp&FReT  SigzmiedledT

CLPEOID & LPLILIL (b6ITEI6DT.

b& @nesorty G HevllHs eTe0&HLTMEOTSHET,
Gomaevor(berem  (LPLULIILOMEDTT  61q 6U6mLOLIL]
gnuL eufleuemsd QFLFDE. @eueummmeot
siemwll] QB SDHS  eugeusmLilener
2 ([HEUTESHDE. 0°Ced HBL 60T
UL GUTS), LIeof158L 19 ULIT6DT &) & 6mMmeNTET
LT SHFHlullemeord C\&IT6TOT (heITeNSHM &
BeueuemoliBGU  HMTETOILONS
60 UDL_IT 83607
6T6D6M 6D 6L 6MIT &SMevTLILIbED &).

Siem&HMF).
ueofléeLiquiled flem6voTLIL]
HesoTL
apeoted, SHlmey  Hemeouded o eiem  Bifled
60 EUDL_IT 83607
6T6eD6mEDUTED O (hD SHMEvoTLILbEMG). eTeoTG6U
FHreu Hemeoulled o _erer Hfledr SILT & H
FeD.

femevoTLILy & 6mMEUM6EDT
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60 GUDL_IT 83607 LlemevoTLILIT6DT &,
ereflll  CLPEVSHEn MS6rTl6D

oL (blD
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LI SLD
CLPED & En MG ETIID

SIEDEDITLOED, Gurmedtm
o udr

&mevotLILI(b&HleoTmeoT. Gogd Stemeu 2 _ufrfluied

& & e0meot

QF WP MM &HEHSHS W& (PSELILDTEOTSTSLD.
ThSHHSHSTLIS 1 HHerdl flGum Bluy serfls
ableosSleoT(DNA)  &@mem  eugeleomeor  &h
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@ seldiger

@ wonoger
‘ SITITLIGOT

60 QLT £360T

UL : 4.8 DNA cpeéan misefled enaunLlTemedr Lemevori

I4

=

i ?ﬂumn? D QDLITRET EFMIHS WeAWINET Hlopeyser

1670 | grugl. umuied o Geonsmisemer sifleonis@pLer efemeryflwé eFlg SIuDHmID eumujeme
2 _[HeunsHaleotn.

1700 | HsGanesv el sy fs swleon /| @by efemaruid Aeuefleumd ey smTHsHed
QRUNHGLD SHEOTEMWLWEDLIINS HeBLINSSHTT.

1766 eamer Gseleueitigev kg 2 Ceonsbd emaml Grm &Gemnflé sifleossiLeor ellemeorLfihgl
MADLTR6T auml euefleuhsemend SHeoorLmlibg eumeney SeofllGw Lflssmi.

1780 | c,e1u6dl6iv LeLi6bTLmeDT Bieuny) wrHm)| Hleneemwid &esorL MBS

1783 SyevorL6vfl eoeumuAWT Sevfliodems emamlrgerr ereort auwifliLng. (HCrédes ewmbluled B
9 _(Heun&dl  eTeuTLIEOILMIHEN)

1800 | eflebedluid HléamedaesT HMID Spetoreoll snieddled Hiflemen WleTeTh LGSS DO Te360T
LOHDID Sp&HEOIRET H&HF FenFHEUDS QSIS

1801 | amibestifl G erflged leiTaenid 6T6dTm &([H&HemSHE (concept) &esorLbSIT.

1806 | cofgmedrasmulen I. 1q fleumenv emamL meedr LOHMID S &H6rOlQemEDTS: ESHTETON(H (LPSHEIT (LWSHEOIED 2_6iT
arifl e ST HEmS 611q EUEDLOSSI.

1811 | amibstifl GLel  eumy emamt Gl (h&emens &HesorLibS.

1818 | JL egeorni BaO,6b Spihg! 6mEUDLTR60T LT THEMEEML 2_(HEUTEUENS &6U0TL Wb SUIMHSSMT.

1834 | emw&B8s6d SLMTGL WetampLELiL edsemer euefluit L.

1866 | T. Hlyanmbd epamt rner aLGIGWSSTED 2_mlehFLILheUEmSHE &H600TL MIHSMI.

1897

UMmed QFUMQ IWIT 6maDLT60T eihM&Hemd FUmqul eflemeoTuled LILIeTL(bS S 6ot .
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1898

Bgglbeiv ST QDL ITER6ME0T HITeULONSHEEOTIIT.

1909 | SPL. snpersetr ewan omer swells esfeeus GNEGD P, oetefiios (penmemw
sflwaslupddermy.

1910 | ~.9fi 6o Gamui, Ganuil (wennéd Sliiflenlol UHDL.

1913 Bebe SBumi fLeUfd eumLm E\&Me0oT(bD MEMLITEZ60T HIMLOMTEmEd G\&METOT(bID, (& 6UITE0TLLD
Hlemeoufled emamlTgevfleor TN LTvS6fld 2 6t erevsL TMevfledr SemeFHems QFefleym
efleuflSH.

1924 | R. 6w&Gs — SHTSHEHT LOHMID LMTT 6DEUDLTRQEM60TS &H600TL MIbHSTI .

1931 | apgrédn C. wGm 1qup L ifluISemsd &60oTLMlbSM.

1932 | apgnédm C. wWGT seTfenTd HesorLBibS.

1932 | L P. GamwL_ 11& susdlemiowjerer sifleorusefleor Siblevg smiLflenent (edr QMBS

1934 | eryedretol’. emsiGUTT®, LTS 660ILI6TOTL. LoPHMILD LIMed DTS 19l 1qUIHengs &60oTLMlbSM.

1515 uh, et eflseort HmID H.B. ametrqhisL6r 2_B6ns eneIDLTRemeiTs &60oTL MIbSI.

1947 | A EfetrBamnedl, A.C.unesor’, H..Gagelliagi LIAIH,~mé seoripibsern. Goaib Simener
H&& fnhs QBL&EEGID elenaTaunbenns HlebLlgseorT.

1950 | V. umebesst g rieiv OHMNID P.amFeLs (WwsedT (pHedled smhmlenster G flwiSemss &6oTLMbSH60TH.

1967 sierfign Suyglevion seflwimed gresor Ll L Bifledr femgey Hlaopeleneors &esorLMIbSTH.

1971 | siqedevnesori | demmen wpnio Guniflev |. aseTLT HlHH6 RN TRET leTHS5SMDE
amiyflemwl Qupory. (patented)

1990 |Gameomy eumenFGLA GUWITET (WHEIT (LPSHN6d gl eefl Q&MetoIh emaMLTeT Swimiflily
HlemeOWSHemsHd  &l6udHE6oT.

2000

SLLr GLnetteflev emamlmsmer O.15K-eb 0l& SiFlumyd 6&we Hmemeord (Super fluidity)

&HITLIQ 60T
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» 2_Beona emamLlemm® (Hydrogen Sponge)

. ey v
@ ouGeuID — EDEDLTRET  SieWIOLIL
" Ofluon > . .. - H amy 2Coms SemLaeuerfl
) QWM BTG SpbsOuiulL  Sremio 5 A .
OADLEDI(H AGD. DADLTRET  S60TS) () @
UG WISFHILET HOlHS QDL  SHETEDLOU|DL LI 6) (3] BX
afluied BevLellemett Uflbs QG SLGLUUGSSILLL 5
GurBerm emamL enremL (PdH) 2 meuns&Hns. Ssemeor © | ,\%jo
QeI SSIDBLIT &I 6maDL T 60T SisTn)daeT 2 Beona S St /% qu\
auflCw efged, ymliurlifenenr SiemLdedrmerr Goeib e 8 L

BemeuThE OSSN )] DD TQEMEIT 2 ([h6UTSHES S 0TDEDT.
Geuemhgy eunyss @b, LG WSEHILoT @ssHemawt aufluied QenLelleneorl Lflujb uevoriemeot
euppLliuglevene. ereorGey, EFQNFWIELPEHMIITETS DDLTR6NT eumjene Lneunwsserfledmha!
Wiflesmesll LWeTLGSDE.
2 Pd (s) + H2 (g) — 2 PdH (s).
manL TR Syers  auGeguwsdHer ypiumlifed ereflfled LTy SeurliLbeugiLer imhiGs
sig)flemed enan Txems flenswndlerner. Liflenswbn SievIsHe6T Ligs ieuoflsGsmeneuuder
BemLeeveflsafled Siebevd QeunMILrisefled (erevorpd / medTpd) 2 LLi&&ledTment.
BHLufSlwins 2 Geons emamlenIh 2 [Heuse @b Geudlealleneorulieir MTeoNons 2 hHeuTSn&.
speomed @& Qwin Galy wemm Gumedim QFWEOLGHADE. SisTeug B Liehend (water sponge)
Guretm) @& 2 _Mlepased wHmID eeuafluiipbsene HepsHEnsg. Seiaumm 2 Geonshiser HmnID
2 Beonad SHeemeusaflermed emanlrmefler Wer (pemmuled amaLILIbSHED 6TeiTLS 6DEDLTR60T
@&l wHmID WembiledTenm LD eunFasiw Suwied 2 Geons ewamlenm®h LTS il
LWeTUN(b&EHHS TDMSHTSH 2 _6Tens.

emanlrner - ardlisne erflaungper (Future Fuel) SHHMEd BLGLILML (b

, el eeuliLioenL G6dletT eflememeyse LMHMID Lend
mw ~auqey enflounper ensUNBLILET GemmeuTeTsl Ll
" Qo ? wnpml  enfleun peTseEpsatead CoLemen Grréd
» 2 edledr umTemeuwiements Hplileteng . s

LmHm| eAOLNBHEDSHE HEDLTNET 6H (PSHSHIWIDTEDT ELINIHETTE

2 _6lTeng Ge6uTaITled MR TREmeT 6NfleE@GD GuTEl (LP(REUSIOTE @@@m . .@@)I'_UQGBT
erfléledTm ) GLogID SiHMIFELPED LOMELIbSHSBHET G&Id 2_[HeuTeuSleemned > aflfletael  Gasiiy
SuibSmb SE0EHT

616016y emaMLTRemert GHIIQUINS 6NfleLIMIBETTEL LILIGOTLI(hSSEDNLD.

Grogid HemL(pemmuiled 2_eitem GeEamedledt (AL Emeb) / e &6b / LO6TTEETTETTE1600TIL eLPEDLD @ILIMkIELD SWihSHIThisemer
LoMHHBILIENLOES (PIUID iebeng Bsemeot pédlmeni et erfliflsoraevsiaerled (fuel cells) wemm(psLOTS  LIWEITLI(HSS
LOl6OTEOTTHMEMED 2_MLIGE] QIFLILI(LPLGULD. 60TITED ENILILIEDTLITL LG 6D 61T &80 g1 I Fle0 Slé8608 6061 [HITLD &ifle1FLIL I Beu6ToT(hiD.
B5emenT 2_(HEUTSHGLD 615606 SHlsLNs 2_6ieng). GoaID SiHls Lemseulqel erfleunpLasement LIWedTLbSEID CHeme
o_eieng). @ Swihenauled HenLs@GLTE) ererfldled SpefilienL i FnlqWwiBTeeyd HMID Sl erflub Seoteniowd
G\siTevuT(heTenSTed @Feor CaafliLD 6l SENEHE! LHODNTH SLESHNE EThSHEIFEFUSID HIq60TOTOTSTESID. LSS

A cpend  sapnseyd Glusted eeflfled  sFAD  (HFleusmLUD) LIETOMIEmEDTD  O\SBTETOT(h6TTE.
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LML & &[5 &&LD -imii-

DL TRETS 6UH 6TEOHLIMET WHMID M UGIM LTemers 6&HmetorL 6@H  ererfll
sigmieun@o. & 4GTmLiquid, iqupigfluibd wHmibd 1qflliguib gyélur epeorm) GamGLmiL&Hemnens
C1&IT6TOT(H6ITEIT &l 6D T 60T 6UMLL| [Flemenuiled FFHT 600 CLP6DE S DTS SMTETOTLILILSM &), B &I T HEHM
MEDLTL60T, LMIT 6L TRTSHSI S5 A0S SPDE oMDHIILIMIESEn6Td 618&T600T(HhaTeTE),
Sigon) [Hlemeoulled 2 _6am emaUDLTeR60fl60T 6TE0SHLTTE0T SieWIOLI 1s'. EHE0T LI6TOTL&HETTEOT S, SHITT
o _Geonsmi&er wHMID Camemerserflsr LetTLsemer 6&H5I6Tens 56T eTe0SLTTET SiemLoLiL]
LOHMID ELHLLUTeNeT Gafwhiseafle S eniemLw &dlnGerhm erevor +1 & SLILSTed sHevflo
auflems SiLLeuemevorulled &M 2 GeoNSRISEDHLEIT (PFHED ASTGHUND eWmeUSHSBLILIL(HETETS).

lueussdled, 2 GeonsmsHener, ibdleorkisHeEBhLer eflemeoyfls &S eDEDLT Q60T
swnflsasliuepdng. sl FfHwuns ewanml Grm sniucieemer Hrmell — WL (b@HeUTSHSLID
6FleuSHET cpeold  emanlrmer SwWnfléEsliLcdng. searThenT WETOMHUGSHHED 61&FIeUSH60T
cpeod 1qupLigfligdlemeott Qum  (iqud, HHAWSSHS sHeotemd 2 _ewLwl KQHliquISems,
605 lwsSlement QUOGIEUTET Bl L TTEITHENETE C1HTE00(h SMHGSD NS LAHM 6Xl6en6T &6l
eoeod  HWNfl&HSHE0MD.

MWD TR 6E0TTE0T S, Sh&HF Q60T HMID CamermeiTaar Sy&l SIGenshisenL 6T eXleneurLflbs
weopCw B wHmib Gamemensemerd SmaAcimer. @& fphs QbéEESL STIEolmEGLD.
qupCigfluid emenlrgener ufHedio elemersefled FoHUGSHDE.

12.3 eULMIsET SemTeunpsneod 2 emLw lqflliquid, B Hl&eT&Hemer SeoTeoflEenauwing
o 10lp&Hmg, SiwGwreflum,  ewsserned Gurnetmemer SWNflHHed LOMHMID  6T6T0TE16TTEML
e TRCaTHMID AFLISHED, 2 Ceons HhHENEV(HhHENET bSHGFHN pEUDHING DML TL60T
eu@poeTeled LWeTUGbLEDG. SFHemeot erflounHeTTSHeYD LIWEITLI(bSSE0NLD.

Boneorgl, emamlrmesfller s SHOTEDD 2 emLW SpSHHELNGL & ewmgeuneor
semIluneTmall LweTul(p eumEADE, & Sdemabaener BIMHUGLY SemLWws sFsLEDE
Gueid Gamguwib wHmd Guiflwib Guretn 2 Geoms ks @EHL 60T 2 E60Ms DL TTSHEmE (HhSHEW6Ts
SHEDE.

smebdwid LoHMID e et fuidHeor 2 _LigerT Bifled &enmbaleTengmed HImeors) &Ll 601 5HSH60TemLo
2 _emLWHTE QmpeEAng. Hemis wenpulemerll LWETUGLSE SH&TENHE &lq60TSHS60T6mLDEMIL
Béseonb. eman Toer aUITSensh peors Heogl GureoGel enamlTmefldr WOHMID 6
(PHEWIOTETT HpSHEWEDH SHhSLD.

DL IR OLITHemED MWD Gemnhs LewTSSGHLLTETTSD WHNID &M&HS &6l
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Gl6etoTemD  [EID  SleTOTOTRIGENTELID.  LOMHMID
Bemeusmeir FlemeolL|d  SH6OT6mLO
2 _emLwiemen. BeSO, ommib MgSO, aydlwieme
Hifleb semraletmment. CaSO,e0mibgl BaSO &@é

(AN

6EebaDBLNE SemIHnedT Gempdng. Be*t
wHmib Mg** sweslleeflstr BCIHMD eretTHMeDL
SIIL|SH6T SieUDHIN6IT LIg&H&H8En (b SHHMemed Xl
1B HLoM%H SYHLLISHTED SiemeuderleoT FeOBLIL(h&H6IT
Brfled semreledTmenT.
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Biss  ewmLiflé

em LB (h&6iT

SMTUG60TL (b emerT
ail60 & 6d SIS
euUDLILGbHTmeDT.  GndeoTdwid emmL Gl
Spyml B cpe0den MIsEBLET L SLOMEGTDE.
Gurflwib BBl Brom o _uns
LG SLOMED &) 9 _(peuene) AFHsHHEGL
Gurg emanLCrldbser 2 [Heun@ Suieoy

GSODFHME. SewenTHE e®BLECIL(b&EBLD
QaulLlUGSSID Curng SEHMEDHHMETSH
&H([HEGOTM6EOT.

5.6.1. &mebFAWGHl 60T (LPSHENLILOTEOTE
G&dLorhiserT

&meddld SyHemanh (CaO)

Swiniflgseo

eueoofla FHUll6d &r600T6UONMIDLS &HEDEMED,
gevorevorniold smemeumuisd 1070 — 1270K
QeuliLblemen eT6bemedUTNED GIEULILILILICH S &162S60T
ceold @8 SWNfl&ssLLbEDE.

CaCO, = CaO + CO,

Beieflemesr @ e  eflemeOTIIMSEOMTED,
eflemeruienerr WwHBQID HHDSS GgIeuTs,
elemeoTudle 2_(HeUMGLD SHMITLIEOTEmL WIMEHemE(h
2 L eb@&L6T BéaILbADE).

LI600TL| & 61T

SMOEILID Sp&HemTF(h E16U6TITEMOIEID LG5
o_@peummn dleoorob. BFHeT 2 (HhG Hemed
2870 K. e&mhmed emeussLliupd Gumsg),
SMTLIETEMLUIMTSEME(b LOMMILD FHTLILIS S| 60601
2 mler&Emg.

CaO + H,O — Ca(OH),
CaO + CO, — CaCoO,

erfloun@er ————> === &

159

Biflemeor&
A HMEDb
HLIQH6T 2 _emLHSHLILMbLS6TmeT. SF6FII6D

EUEMTIIMISSLILIL L
Cars@Euns, HmeddlLd
sevoreooinDemL  Bi&HsE QFLHED  6eTeTMID
BOmIE
&r600T600TITLDL| 6TE0TEYLD SiEMLPSSLILILEMS).

9 _(Heun@LD eXlemeoTEILIM(IH 6T

CaO + H,0 — Ca(OH),

GLL &r600T600TMLOL], SHMITLIEOT6mL

S &6 E(bL 60T eflemeoTUL (b GamLng
Gr6vTE00IMDEMLS SHEADE. @& SiO, whmib
P4OIO
Gebal wemmGw CaSiO, wpmib Ca,(PO,),

dLeUHEDDS SHHHTDE).
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wHMID &iflé
HEDEME

O

, 6UMLY

-

K
I =
g
e

1

nlm

=] Ly

___*,-
i
_' g oin i B
" e
T{@’ﬁ? ;
) -l
1 ] -|. L
:
E %
Feantas

SMHm)
2 Ly@se

ULLD 5.10. &L L &600T600TMOL] SUIM]SHH6D

T <——— arfloungper



CaO + Si0, — CaSiO,
6Ca0O + PO,  — 2Ca,(PO,),
LILLI6OT 6T

SMELFILID SHEMEFLITEOTS,
1. dlewetor, &L (blOMEOT |LL&F&H&HET LOHMID
&evorevoTiq. & SWMflifled LwedTUbED &)

2. Gsmquib &MFUGeT  wHMI  BHMIE
&r600T60TITLDL| HWIMSHSH6016D LIWIEOTLI(hSMEl.

3 .F1HHemT SMLIEmLOWIT S 560160
LwIedTLI(b &M &)

4. 2_eISHEID ellemeoTEOLITIHETTSHLI
LwIedTU(b &M &)

5.6.2. MeLFWILD MADLITHEME(h
swnfldged

45 6M 6N (L 60T B
Gamsslul®p ST  emanLITHendh
Swnfl&sliubaD&l.

SHTeLFWILD

LIGOOTL| & 6IT

851 [ Q6uetTTemLD [HID LIlg.& 2_(Heumn
Ly sNEL. g Biled uGHwerGeu SemIub.

Bset1  BrssemIsed  BHMIGSEOOTETOTIOL|
(&veBoTETOTITIDL [1:539) 6T60TEYLD, Bhmi&
&600T6OOIMIDLNE0T  QBMMRIBED  [BIHHEDTF

&r600TE0OTITLDL|L] LIM6D 6T60T6YLD SIMWIL LIS &l.

SMTLEOT  6mL Bhmi&

grevorevorbllledr PG  FSHILCUNTS),

S HEMFEML

aig| umebGumed LINIEDE. BFNS STT6evorD
B iblspeie,
2 _[meun&ms.

SMevdlwid SMTLGeoTL.

Ca(OH), + CO, — CaCO, + H,0

Fn.(bHEOM S hHs Sieney CO,
0FSHLILGLEUTE, 6ipLgey  SHemIHE
smeodfwb emanLomer &MFUGTLemL S
SGEDE!.

CaCO, + CO, + H,0 — Ca(HCO),),
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Piés  aGevorevommiby,  &GermlemL 6ot

eflemeotL|flb &I, FeoemeusHgmefledr Qb LUGSIHIL
eun@perneor, emamUGUT GGemTemILenL &

SHEDE).
2Ca (OH), + 2CL, —
CaCl, + Ca(OCl), + 2H,0

LILLIGOT &H6IT

SMOFILID emaDLITHemE(H &HL (bLOMETLI
QUMIHLS6T LHMID SHevemeudssr SwmflliLigbled

LwIedTLI(b &M S

meoTeouly  erHliiy  SuiedNemeotL
OUDMHLLSTED  &6TOTEUONMIDL] il SHFH60l6D
LIwIedTUGSMS).

HEOOTEUOIM & _MudHdH 6FFHe0, GsHmed

ugeofl(bld QFMPlev&6IT, FE0EDEUSFHT6T
Swfliugled MHMID FTSHHEMT SHWIM]SHSH60l6d

LwIedTLI(b &M G-

5.6.3 g0t (CaSO .2H,0)

eUTEOMNMHMISHE (PHEmSLL ewrflw
sLed eugbleo umlfleo BwmHs B
yeflwimeugmed AFLILIHED B SHET

o _meundletment. B apefwins wrmid Gurg)
sifled  sILmSWeTer  HTHILIOUTHLS6rfl60T
eEmley
LLq &L &hl60Tm 60T.

il afILILgL 6ot Sieme

UL 51 @ PI§s @euifl



155 60T LI6ToTL|&H 6T

SILFLD 6B LOI[H HI6UM60T SHTHILOLITIHET,
Bifled erataind &6EmITWID,
eeuliuflemed B T  HewTHMeoT
b sné&ssHemert anUbSHHDE.
QeuliLfleneo sigl&fl&HE&W0 Gung), LHM
2 _Lsemerll Gumed Si6bedMD6d &g e60T
seoIFnerr GewDEDEH. SUuevory

T FH\IT & & em T Hlmeor (retrograde
Solubility) ereor  SMlwliLGHDE.
@5 dlussdHerr  HeoflHgieumeor
LI60OTLIM & LD.

o) [NE 1) GILIM&6UT & HimwmHm
616 600TeMLOWIT & B 6ur S0 G
aeueflihs Bm SemsGuim

Q&HMevoTq(hH@&WD. dleo Gmrmiserfled,
LOM&SHET  HMEOOTLILI(bLD ST 600T HSHTED
BenepdlHLL, EhF6T, L(QLL HMID
Qeuefll uFems SpAw  Hlmrkiserfleor
FMeL& eme6TLl OUMMI[HSHSLD.

fleo Cmromaisdefled, LlUFD 6O SHerfledr

Bspaemer Q55  eulgeuemLINEd
HewLsHsl  uUNFDG. Deucusmns
" Li1T 6% 60 6 60T CS;rrrgrr' 6T 60T

SIMP&HBLILIGID &. @& OLHLOLTEILD
LI IT 60> 6D 62 60T LI U & & & erfl 60
2 60oTLM&HM&l.

SIIFD GHeMMEUTET GleULILS SHLSEID
FHlmemeorLl QUM MIETETS). Baet1
SMT6UOTONS 2 60 &6UT&6T LoMHMID

& 6UITLILI6D 60 & & 6T Swfl& &L
LweTUGFDg. ghsb Sunens
60T & ITLILLY eI B6iT 6T60TEYLD

SBWLUGSDS).
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ULLD 512 BlIISHSI60T 6(H 6)6MSILITE0T
SIEOUIM6ILIT

D15 & Sl 601 [0 6160 & LLIT60T
SIOUMEVLT Si600fl&H6e060THeT SIS
LweTUGbSDE. & dbisermed Leo
HITHOTEOOT(b&H6MTE  LIL6OTL(hSSLILIL (b
UHSHD G

85 HEeT  algeupemLwl, &l

Der(h(HeY QUIDNSHHETENID 2 _6ML LIS
"GLom" 819607 &HSHE0TE0LD SiemeliL 1960
(moh's scale) &1 &g 60T 519607 HHEOTEMLD
1.5 1paed 2 euem. B&H60r LTSS 6r6v0T
2.3 (p&6L 2.4 euemI.

D155 S 60T LILLIGOTSH6IT

LI600T 60 L_LLI E:ANE
awasuGLmdlwmeied 15 & S 601
2l 6)6M & LLIMT 60T SIOLIM6IOL [T
dpilserned  LWEITLIGLSSLILIL (bETerg).
15 & H emevr, eTeueuTM)] LMTe0EMHSME
LOMH M6 6TE0TLIED S GO
5000 S} 600 (b&HEHHS (weorGu
T &SI WIT SHerTmed siflwdul heTeng).
&OEUTg werfly FwpsmwsSHed gllsb
LI6D LIWLIEOTLIM(b&6METS 6)&T600T(h6T6&)l.
sieunmleor  Hed  LweitdeT  SGL
Q&M (b&SSLILIL (66T &.

LOHMILD



© 60 UDEW&HSHET, LhF&L LIE0enSHSH6IT
swfliudled glsbd LwWeTUGLHDE.
FEUT HEHHE 8nig 611G LD
Q&M(bsSHED, GMIn eMIHET LOHMID
slemmaEemeT UGHsemns  Lifléseyn
1L &&LI LIED6m&HE6T LILIEOTLI(bEI60TM S

gligsdledT  LLOMIOWTIH  LIWEOTUN(b
unfergnb &l SWMfliusn@Lo.
15 & H) 6m 60T 300 1q.&rfl
UMTeTeNL 1960 gbUbSSH umfevsnbs
SWMfl&ssLIUbGED . s SIFID
ILE& GG  SNEMPSHSHLILIGBEDE.
(P&HEWIDTS 8 DLk & emerr
euq LILl6d LIWIedTL(LEMS).

GeuenmevoTEMLOS glemmuiled,
LD6TOT ET)IL_ 60T Bar&H&LILbLID
QUNIHETM&HEYD, &L (bLILIbSHI LTS,
2 Mon&eyd LWeTUbEADGI. &erfloesor
LODID  SMIGHSIOTEOT  LD6TOTEWETOT
li%:ANr:; Q1F1LI6) &)L 60T, Seur
UaTIEdH® (PSHHWIMS  LILIEOTL(HLD
SMEOFAWID WOHMID FOLHT  SHHLD
euUNHeTTe 2 _6T6engl.  LD6UoT6uof D&
HsH 2 s Heoremoenwld HIH Na*
sweflsemean B HSeD LWeTUGbSMG).

Lusd  (WesHwwnes  QemetorHHe0
LONID OSLIGUITEGSD  LI6TOTL|SH6m6NL
QUDHMIETENSHTEL LDLIENSF, 6TLOLISET
LOMMILD (W19 & OSITLITLITE0T EILIMIHLSerfled
LIWLIEOTLI(h S &l

GuniLeomevorh Flewoevorhaerfled, PILIFD
KW WsSHWL UGSl eUTHETTGSLD.
85 HQETLIHMEd  SMOLILIGSSHID
SMT60of LTS E\FUIEDLI(HLD SH60TEmLOEmILIL]
QDM HLILISTED HMeOTHTL(babeiT
&H1q 60TLOMGLD Geus 5 dlemeord
SLGbUUGbLSSHEAD S
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e adla Siemedled FHlemL & &L
STGLOUTIBELS6le0T  (PSEWILDTETS)
SIFLOMGLD. 85 &H6001HHMM

LIWIEOTLIM(b&6meNE E\&MevoT(beensl. &
sngleuners Lell Guourliiihssmasleo
aF& seneled SHemLLILSHTed &5 emeoT
Gellly erblLg ereflan@Ld ereuflemib
HsH Si6mey PIIFD 66ULLy 6T(hSHSHTED
FOMIF &5 Lp6016D SOUYL&H&H 5
U SLIL| & 606 IMLI(b S HILD. 215 5 &) 60 60T
MISFNES OFWW  (LPIGUILD. SH6DTTED
@55n5 sidle serelled HemLLILGTeD,
B a0t LOMISFLPNHELHS AL
(WHHAWSHIEUD SITLILI(HEUSED6WED.

¢
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Ir\.nhruu
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e ©

ULLD 5.13 GllissHH 60T LIwI6dT S el

5.6.4 unfevanpbg (Plaster of Paris),

(CaSO,-"2H,0) &meddwb FOGUL
eanlenanl CrL

8s STedFAWILD FeoBuL1q.60T
eanlenanl GrLLmEGLD. LIFHWS,
(CaSO,.2H,0) 393K eeluflenesd

eeuliLliLGbSd umfevanbg eUDLILIGEDE).

2CaS0, .2H,0(s) -2CaSO,.H O+ 3H,0



393K&®  Guoeb,
CLPEDE M)
Bomm srebdlwib sebGul CaSO, 2_meundmg.
@& womib erflsEelulL snbg (dead burnt
plaster) ereor SIMlwItILHDE.

erauedly  HGTMIw
&smevotLiL(beudledemed  BGogID

@z BoLer Gsibs HLQETOIGLD
uesorLlemenTLl QLD MI6Tengl. GUTSIOTEOT Si6m6)Y
BoLeT Bsementd Gsrs@b Gung @&
apdiflemwit Gumedrm QuUN@HeTTS ompfl 5
WH6d 15 BIOILThIs6fled &lq60TLOM60T EILIMIHEITTS

LTSS
LILI6OT &6

sLprersd asmfledled 8 Hs
Siereled LILIEOTLILEDS). @6 2_miidled ereibL]
w6y Siens &EHSES UTHESSLILL(beTer
SLsemer  HBOMWED QbdHH emeuss

LIwIedTLGbSMS).

uDEITSESD  Glewm, S0l HEVEITEHET
2 _HeunsHGD  6HMled, dFlemeossT LOHMID
UM LI SH6lT 2_(HeUN&HG6Udled 8s
LwIedTLI(b &M G-
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5.7 ewsefdwid wHMID STevdlwldaeor
2 ufrflwied (&S g6

o Wif eFweenmaafled 6L&HeTAwD
LOMHMILD STELAWILD LA (LPSSILILILITBISTHMISD &I.
& sansil weufly 2 Ledleb 25g GLosef Awib
wHmIb  1200g
epnglaeer elemeuuyHHlHeMTHs  C1FUIEDLIHLD
2 17 Geud elemenaefled GLO&HevTAWID
(W&AW LhiSTONIFHDE. urevGuL ufliombmid
LoMHMILD SHMHMeEL
ATPemw LWeTUGLSHEHID BnHsefled D&

SMedFWID  SiLrhISl6Tern gl

eeuerflliLI(h & &5 606D

B 6160018 &MIT 600 IWLIMSHEYLD QFWILLILED &I
@s DNA OSNSSHSNSHESLD SI& 60T
O FWEOLIN(bBEHSHGSD LO& (LPSHSIWILOTEOTSHTESLD.
D 2 L 6bled 60T LiGerflsemen &LoedTLI(hSSILD
uesoflwilgd @& uweTubHME. e
&empun  euedlly LHMID  BIDLSSHEDE
Bemevotiiiled erfl&E&6d (neuromuscular
irritation) 2 _(HeUN& SMTE0OIONS SEWOED &I

eeIbL]  OMID  ubhSefled (PSS
UGSSILOLNBHETTS STLFAWID  LIWLIETLbLED S
B85 BrssseId
&nebdlGLnevfledT WOMID UMET  eWSHTMLIGD
Buéssdled et
ugmofl&aiupdng. SrsssHdHed
sredlusHeT  GemMUMLIqETTE), @QISHSHID
2 empw SiFHe GCrob D& Cueid

SMevoTLILIbED &).

emMT GLoM6TSHEITeD
66y

Q5 HWFF HHSHHIHIDODGSL  (P&HHW
SITT600TLOM &M &l.
aeafleGairHenauien (WSAWILILIMRIE

audlea@D WsHw Hnwdlwner &Gemrm@rmiied
610 &60T A S Hem6uTd 618 M6TT (heIT6N &.



UM &&(HSH&HLD -imii-

pelenr geofllo auflems si'Leuemevoruied QFTG&SH -1 WLHMID OBTSHH 26D L raId|6T6r
seoflorhisefledr @emevorSlm 6Te0&HLIMETSH6T S HTLILM6bld LD OLMeUSTEd Qemer S — BTG
SEUfOMISGET  ETEOTMEMPSSLILIGHEOTMET. (PFHD FMTGH SHeofloriser NS' eredTm  EILITGIeuTeoT
eTe&LINeT Slemwlilementll auDMlhédHeTmeotr. Qemeu &MT 2_BeONSHMRIGHET 6T60TLILI(HE60TM6DT.
QBNGS 2 SHevfloMmiGeT NS? 6T6dTm QLIMEIEUTEOT 6TEDSHLTTEIT SemLoLIlemeuTll QLMHM)6TemeoT. Qeme
&MILD600T 2_BeoNSHhISET 6T60T HeMPSSHLILIbEe0Tn60T. emer LellGLoGeomLiq6d &mevorLiLi(h&le0Tm6oT.
BeunDletT Sh&HMEDHSHET WHMID MEDLITHEDF(Hb&H6T HMNTSHHETMID 2 _emLemel. Qeneu Pl
eflementsHmemert 2 _emLiwiemen Guoepd M* wHmid M** Cri  Siwevllsemen 2 ([hHeumé&&leoTmeoT.
Beelp asnGsaflan Goelmha &pns eu@mbGUTsH Swh wHmID Geudlliueyser &Ims
oMHDLEnL&eTnerr. asT&Huled Gedllmha &pns euld Gurg Siew) LHMID Siwlesfll SHILb
a1F&[fl&HeOTD &I Si60TTED ST ILITESLD SHDHMED GSeDMEME.

Gamawsdler (woHHwWEF GaFwraiser Gamqwid smTuBeTl, Gamquwid GGemmemmh, G&mg.uwid
DL IT&HNEDH WHMID Gamquid enen TRer SMILGT. Spdlilemel. STevL60TT — C1&H6D60TT
(wempulled Gamquwid ewaDLITHem&Dh 6LLeTeled SWNflssliuGSng. sreo@eu (pemmuied
Gamquwid smuGeT swMfl&ssLLbEADS).

snrwetor 2_Geonsnisafleor Geuglulwed, sy 2 Ceonsmisafler CauHuluiGeonp asgieTarg.
ereuflenid, SMTLD6voT 2_Beon s MmiH6rle0r &emmihs 1600 LHMILD Siwlevfl 2_Heveney, Gbir Siwevflserfleor
baner aifle Wersenw pdHweunmred e Uetoseafled ommulbeTereor. &MT 2 Beons
SHHEMEFDHSHET LOHMID EMEDLITHEMEF(bHENENTSH SMLIGID, HMT 2_Ceons H&HemEFbHSET HMID
DD TTHNS(HhSHEIT &6MMEUTET ST SHG60TemLoUTemeTL QILIHMIETETET. SMTLO6T0T 2 (B60M & Ihi&EIBLD,
DL TRer WOMID CanenearseEbLar Seneihd (LeODEW DL eDI(h&HsT LHMID
GCamemed(h&HemeTd &(HE\60TM6DT.

sredlld Sy&HenaDh (HLL &evureoomibl), smeddWD enanlrnésendsn (Biss detorevommiby),
snedld gOGUL aanfleman GrLl (urfevenbgl) smedwib sriuGeT., GamLm &eoorevormiby
SyFwemer sTeOFWSH T (PSHHWIE CETLOMISETTGLD. S600T6UNMOLSHSHD WMHMID S6rflLoevor 60 60T
LWedTLU(b S, sommIb gsemeoulled QeuliLliLibS], GunrGevevorl Fewsvor SWIMfleH&LLbEDE.
HewL & GLD eXlemaTeILI ([h6T 2—3% SieM6Y 66l [H60T& SIT6T OFLIWILILL L 2185 &L 60T G&FTSSLILGbLEMDS).
&MeLFWISHH 60T emevTHSH CEFIIOMRISEHLD Cl6uelGeum) LILIEITSHEm6TS 618T600T(h6TETEDT.

o_u9i s Slreuruserled (Biological Fluids) G&mquwib ommib e L rdlwig leor pmemnm emevorSHm
siweollsen wHMID STedAWD wHMNID EwsefAwsSer Qb Qeneordn Siwesllser bt
&SMevoTLIL(h&e0TmenT. Bhd SiwlesilGHem Siwievfls iHlemens HeOTemLD MMID HITLDL| SHITE00TL 605606
HLSHHIHE0I6D (PSHEILILI LIk SITH M) & 60Tm 60T

164



b

L LDé)]Dﬁ(b L< V

I. sfluner eflemLemw 615ifley OFLS.

1. &I 2_Cen&hi&Ehs®, LeTeu[heueTeuDMI6T 6Thg uflemLILI6ToTL| &6UmiTeoT&)?
a1 BGIHmIb Symmebd : Li > Na > K > Rb

8. swesllwnd@o Spmmed : Li > Na > K > Rb
8. siLissl Li < Na < K< Rb
. e & peveney : Li < Na < K < Rb

2. L9607 61(Th 61 60T UM M)IETT HEUMTEOT S DM)] 6TEI?

a.emm 2 Geons Grrwefleefled, Lit sweflulsr BGrmHmib setemwoulett sieney e
S emMme.

2. KO, 60 K eor oyé6r0lGeorm eredor +1.
@. Na/Pb 2_QGeons seemeusmwt 2 (HeundHs G&mquid LwedTLbSMG).
. MgSO, Bifled ereflghled semmuib.

3. Weoreuqplo Gaomisefled ey &Mm 2 _GeonsmisEpLer eflemeriulsn H, eumyeneu
6 & arfl G wi M m) 6u F 60 6w 60 ?

3. erdHeoTmuis Sibdleolb ). THHE0TITED
8. Sevrmed F. @eunniled e &ILblebed

4. EpssetoiL element Hapausn@ LieTeupeueTeupmier a7g Wes s uiedllleneord
(tendency) \&mevoT(hETeN &)

M+ Aqueous M+
®) Medium (aq)
a1.Na ay.Li @.Rb . K

5. Gamquid ergled CaLSHSLILGLIDE?
3. HEOSQDTED 2. B

&. LD60UT6\600T600T 616T0TIL F. @eupmled e &IL6D60 6D
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10.

RbO, Gsiiob e

3. &UUT S)&em&(b LHMID LTTT SMHSHS HeOT6WLD Q\SHTEO0TL .

). UTTSHEMEDH LOHMID ML IITSMHSS HETEWLD E1SHT6TOTL Sl

8. &luT SH&HemEDH LHMID EDLTSHTHSS HEOTEWLD CSHTEO0TL .

FF. OUTT&H6M&(b LHMID LITTT SMHSHS HEOT6MLD C1&HT600TL &).

FHEUDTEOT FnMEMME &H600TL MIWIQYLD.

3. 2_Beons Gamquid ,&iflo Letorur LGLUMLIEN6d LIWeTL(bSSLILGED &I

8. Gamquwib smiuGerl Bifled senTwidbaniquwig), Coelb & seuflo uesorur uGLiumiieded
LW eoTU(bSSLILGbS D &I

8. snebBeu (emmulled OMLLTwD sMTUGeTLemL SWIMfléa (LpLg.uj.

. UL LTEWiD emusmTUGeTL. Sble0d SHedTemo ©_emLl 2 L]

0HFHWID eTHET)L 60T cpemevei L OBMTLITL 2 6mLUIg)?

a1 Gamquibd 3. G 1WLD&60T D @. snebdlwid . oieLleuflwi
&Mr 2_Geons Gamemeobaerfler , diwenfls seoremoulest emjeuflens

a1) MF < MCI < MBr < MI

&) MI < MBr < MCI < MF

@) MI < MBr < MF < MCl

) @eunmiled e &iLolebemen

eT(pemmuiled, & HEHW Gamquid emDLITHmdh  WeTermhU@GSSLIUL(h, G&mywid
Wfl508bésslubHD & ?

. HMEVL6DTT (LPEWM ). FWIEMEDT(h (WM

8. QLemeT (WewM F. emeU SemeTSHSID
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11.

12.

13.

14

emmpLregett, CaC, o L6t eflewmenrfibgl HewLs@ eflenaraunmer (NEET-Phase I)
a1) Ca(CN), &) CaN, 8) Ca(CN), ) Ca,N,
SlpsnesorueuDmIeT 618 siflasuls BOIHMID SHMHMEDEVS C1&TETOT(HET6NS]?

&) MgCl, &) CaCl, 8) BaCl, /) SrCl

LeoTrg 60T &L [fl6b &M LMHMID ST Loevor 2 Geond 2 LILS6T SML(bLD HIDrki&enerL 6ILMHSHSIs.

(p) Gemquub (1) eerhise dauliy
(q) ®mevdwid (2) e
(r) Gurflunb (3) argm

(s) el gmestdluid (4) eyufler LFem &
(t) EAuwub (5) Arflibgedr feuliy
(u) Qum_Lrdwid (6) Beowd
8)p-2,q-1,r-4,s-51t-6,u-3
a)p-1,q-2,r-4,s-51t-6,u-3
@)p-4q-1,r-2,s-3,t-5u-6
m)p-6,q-5r1-4,s-3,t-1,u-2

SadDm : eUT ens &I WOMID &SMIwesor 2 Geon&hi&HeT GLUUT HhSHeDE(hHSHEmerT
9 _(IH6U & @& & 60T M 60T .

SMTE0TD : GUILT Sp&Hewsbhaafled O wpmib O  SeenISeHEH&HSHnL G @hemm Llemevorii]
o emarngl.

3. &pml LOHMID Snrevord @mevorpld &ifl, WLOHMID SMT6vOID, SnPBiD&TeoT &ifluimeor
leT&d&HIWMGID.

). FaDHM) LOHMILD SHMT6vord ETevor(hld &ifl, LOMHMILD SHNTETOTLD, Fn MMM SMTE0T FLflUimeoT 6Xl6m&SLD
S16D6D.

8. snhm) &1fl, S 60TMED HMT6ETOTD SHUM).
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15.

16.

17.

18.

19.

FF. .MM LOHMILD SMTevoTd STetor(bld SHeum).
samml : BeSO, Bifleb sempdimgl, speormed BaSO, Fifled semmeugledenen.

&ITIT600TLD . een@duled Be edlphs Ba euemnm 6geed 6geded BGIHD SyHMEd
SoDEME, CLYID LYHESFab SAHDDED  OMDIOED 2 _6Tens).

3. & pml LOHMID Snrevord @gevorpld &fl, LOHMID SMTevOID, SnpBiD&TeoT &fluimeor
leT&H&HLOMGLD.

). . HM| LOHMID SMTevord @Tevorkld &ifl, LHMID SMTETOIONETS, SnDrihsneor siflwimeor
llemsalD  Sebeme.

8. snhm) &1fl, S 60TMED SHMT6ETOID SHeUM).

FF. .MM LOHMILD SMTevoTd STetor(bld SHeum).

& evor ©_Beonsmisefleor, &MTUGeoTL_(b&erfledr ,&HemrSlmeotaerfleor sflwimenr euflens
&) BaCO, > SrCO, > CaCO, > MgCO,

&) MgCO, > CaCO, > SrCO, > BaCO,

&) CaCO, > BaCO, > SrCO, > MgCO,

m) BaCO, > CaCO, > SrCO, > MgCO,

ewfledlS S 60T gyLpemeoLl OLINHSS , LNeOTEUBLD FnDHMISETl6d SHEUDTEOTS) 6T5HI?

3. empLIflS sibleod emd QFWODHMIHTEHESEME.

2. Be, C @ 2 mauné&sdngl.

8. Bgett 2_Liyser aiflens BrmHUE&SLILIb&S60TME0T.

F. @560T DD 6D (h TEDSLIMEIT &6DMDEY6TENSH|,LOMMILD LIEDLIG SIeDLOLIL|EWLLIS].
Bifled @ L BHmI& &evorevormibLIedr OSMTRIGED HewIsed 61601 AMWILILGBHSEI?
1. r60oT60OTMLDL| BT &Y. &L L &600T600TLDL

&). G60uT6OTMIDL] LIM6D k. BMHM &600T600TMDLE &6mIT&6D

Qwm Bnwpn Fedorow (A) 8 ealuiubsgIbCurs CO, amyemer aauellGubHnIADS,
wHmid Bifled semTud AeuetoTerdlim 6ipLIGEmENS SHEDE. b efipLigeyd Biss HCI
2 et eflemeriupsgwCung CO, @ smdngl.eeafled siIbg Hetoroleunmer A

&1) Na,CO, 24) NaHCO, &) CaCoO, m) Ca(HCO,),
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20.  Garww (X) & eauliulineGSsIbGUTg HDMHD UMD euWLD, 6 65LpLIG 6D SHAMS).
aibs elilpLigemeu Bifled Hemrdg Gaiwb (B) eunmliuedmng. G&qwibd (B) et Bissenmaeded
asflsarey CO, @ eUlflsems asuisgpGurg Gsiwbd (C ) e mandng. (C) o
eeulILLGSSIDLEUNE et (X)md smdmg. Gaiwbd (B) syera

&1)CaCoO, &) Ca(OH), 8) Na,CO, m) NaHCO,
21.  Uetreupld snmmiserfled Heumneors) e1g?
a1 &gneor @swS giglienu urmofliude Ca*t siweoflser (WaHEHWLOEDETSHeme.
). HreuTThis6fer LFenswLSH e Mg*t siesllse (PSHEILDTEITEm 6.
8. Mg** swenfleer ATP cLoe0&8n MI&EHL 60T SI6WETITEYS 66 2_6T0TL T8 G E 60T 60T
. Ca?t swenll@en @rssHib 2_emmsedled (Lp&EILILOTE0T6m 6.
22.  WNetteupd Gaiwraiserfled eTadm& "Blue John" ETEDID QLILIT 6ULPMRISLILIL (bET6mE)?
a1. CaH, ay. CaF,
@®. Ca,(PO,), . CaO
23. lssdHledt eumiiiumy
&) CaSO, . 2H,0 &) CaSO, . %2 H 0

&) 3 CaSO,. H,0 ) 2CaS0, . 2H,0

24. CaC, @ evefloetorLed empLIRenIL 60T GaisHgl 6T emeouiled EleulLLILbSSILEUTS)
HemLs@GWD GFFLLD.

&1) Ca(CN), ay) CaNCN
@) CaC )N, m) CaNC,
25.  etreupeustTeummieT &S Gemmihs eeuLlill [ElenedLIL|SHSHe0TemLD 618 T60oTL &
(&1) K,CO, o) Na, CO,
(&) BaCO, m) Li,CO,
I1. Yereupid ellTNSBEH&HS SHHHLNES 6flemLwerfl.

26. rBifleo Gamquid ewMLINSHemEIN60T HemTHmedt, Gamquid &GemmeniTiqedr &e6miT & mem 6ot
L e H &0 erer?
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27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

gmeT 15560 (efflorescence) eretTuens eflensEs.

Gsmauid &MIUGeTLemL swnfleG sneGeu (pemmuled Hlen GCeudlalemevrserlsot
SLOGITLIM(b&HEMET  6T(LEI5.

@ &1 2 _Geonsbd (X) siger BErHw seGuL X SO ,.10H O 8 2 meansedngl.oimns
2 Beorms Gamquions@eur  Siebeng UL LrflwuwnsGeun mes eumILILeTensm?

Wetreupo Ceugdl eXlementaEmhdHE FLOGTLILSSLILLL FLOEOTLIM(H& 66 6T(LD5I8.
(i) emmLIT”60T eumuL 6ot 9l HwID elemeoTLifled

(i) H Gamquid ewusTTULETL ML EeULILILILGbLSSISHD

(iii) 2p&degedr eumLedr BSiIgwid eflemeotLfiged

(iv) CO, 2 Lot Slevoro UMLLTHLID 6nEDLITSHnEDh 6lemeurflged

(v) ®mebdlwid smTUGeTLemL QleULILLILI(bS &I56D

(Vi) op&demetr eumwLedr &medFwd C&l S8 AeULILILILIhSEISHED

eufledlwid  wHmID  sflellwsHnG BeoLGUIITET EDMIEDOSHEWT  SIHSHHLONES
eeundlé&seb.

WetTeumHeumMIN@ (LEMMITE0T QLT H6Mm6TSH H(HS.

(i) ewdeof Al LmedLOLD. (ii) &prhISTTD (iii) &revoTETOIMIDLY
(iv) errfl QUIMLLmelq (v) gevemen GgmLnm  (vi) G&mLm gmbued
(vii) L@gmeorm(trona)

(W36 B3NS FH 2_Beons LicemhemT(ha6rfled 0GHSIWILD LiesThemI (b &G emMmhg &em HlmemeoT
Q& MevoT(beTeNg — 2 MISIILIGbSE.
urferv enhéledT LweiToHemend GSMILILNbHE.

euflellwsdHleor  CamemephHeT  FSLLNMETUILILS SHEOTEMD 2 _WLUIEDE  SHETTED
owsefAusHer  Camemedphsar  SEfHHEOTEND 2 _6MLIUIEDEN  .GT60T?

cwestonid eurflengenit G&ihe smesor 2 Geomnsd (A), Sy&Herdlgedt LHMID 6WBLTLEmIL 60T
eflemeriui e WwenmGw Gshwrisar (B) wpmp (C) 8 sméarmer.@s AgNO,
seoIFQILeT 2 _Beons SLeuwiEd eflemers@Llulsp Gaiwb (D) o sméng. (A) ,(B),
(C),opmip (D) & sevorpLil.
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37.

38.

39.

40.

41.

42.

43.

44,

LedTeuBHLD O1FUIEPEDDEEHEHES FLOGTEOFWILILILILL FLOEOTLIM(H& 66 6T(LD&IS.

(&1) ®meb&WID ewaDLTR60T SHMTLEETL. &HenTFened HeiIns:ESS6D.

() BMLAID HPsHenFemL SMTLDIL 60T C&FTHE QeULILLILI(bS SIS HeV.

@revorLmd esn&F sevflorkisefledr (WweHwioner auT&ILILeToTL&emnen eXl6ndEs.
ewfledlwid wHMID SiwIfleflSS DG Q55 SHeotensHener elleuflsHs?

&I 2_Beonshisener Xl &MY 06toT 2_CeDM&HMhIGHEIT &I 60TLOME0T606) 6]60T?

umfeiv &Mbha ereueunm) sWMfléHsLLbADE?

SBFSH S 60T LW6THem6TSH H(IHS

smebdwd HMID EwseffuwisHerr 2 ulflwied (WeHwsgeusHens &HoHewns edeurfl.

61L0560f FIUILD 4 & 6m & (h 16060 G| 61060 FIULILD LjearhemiT (b Qeummled 618 H & 2 ([ & HlemevemiL
6&MeTuTY([(HHGLD eTedTm) [ THTLUNTSHADML? ASMHSTEOT SHNTEOOIHNS 66N E.
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| ©606T0TILIFEFWIOLIM(H

ST LHMID SMITLOETT HeoflLoMmISHEDHSHSTET &FLIT Spliley (ALoWBST SylileusLd)

elflsl SlieussHemaL http://www.newpathonline.com/
LIWI6DTLI(h S 16USH60T euLPILIMSsLI free—curricullumresources/virtual _lab/
LebGeum) ST LHMID SMTLOCTOT Flame_Test /9/12,13,14/1914
2 _Geonskisenens GLT Splile) Qs 2 _gedl&H&E 615608 (16D608))
2_mHeun@Ld &L ifler HinSHemsd 61608 LISa(LpeTerm 6lemes &l60&H6S
SHITEOOTEDITLD &ML g ement (QR Code) 6Bae0T C1FILIS.

Hlemeo 1 QewevoTlILGESHSHemerTd SmbHg OsMbssIUIL 2 redlemwd (URL) sLLES 6&lsH i6d60SI
eflemreys 8160568 G 1qemeot 6VB&H6T QFLIS. &L Splieys ST Leemsuied ST AL OLTSSTeneoTd
Q8Th&EGS. LLSHeOlmLILG CUTEITD Fnl T SLENHSTE0T 6U6MEDLILIES S S 66T SIT6TOTEDITLD.

Hlemeo 2: GwflsT LT yiieflenerr ConeasmeTer Sp&eneamib abrlsenet NeTUHNIS.

1. euemeneyd sLuledr (1) & O&T(bEHESS.

2. auemeeyd SDLNEMWE &SSLILbSGHID SHEDTFNHSET (2) HEIS5EHIH. HFHBLILBSHID HemTaedler g
QEH&GS. euenaTaysd &bLiluler CeuCmgid 2 LI Sevened eTeiTLMS 2 _MiFH OFIIL EEUEIEUTTH
el (WedT D &L &&3 aswliLL GeuesorbiD.

3. gyliey s elenLpu|d 2 L5 Henrsedled (3) cuemereys SLlenWIE FRISSIH. 2 LiL|d &enTsedledr
B8 Q&T(bEHESS.

4. euemeneysaLienw &Lifler (4) & halsHH SO Q&M (bSHESS.

5. GO L 2 Geons siwesllsGsmmeunm) sLifledr HIDLD LOMMIENEnSHS STETOTEDNLD.
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_ ew5 6]

eumly flemeoemLo

A
So many of the properties of  &mmebleor Cromé s h &6 @
properties of matter, especially

SuumLl  uGHemwd  HSHOOIHS

when in gaseous form, can be G 2L
Sebreor 3FDF8X

deduced from hypothesis that
their minute parts are in rapid

motion, the velocity increasing i o
the UGS G|60IT H5HEL.

*  IHeLEdILIGLL] UMW 58 6TH &G fIL el Fl s emer

with temperature, that

precise nature of this motion
becomes a subject of rational
curiosity.

BewL(pemn eumpedledr LeOGeuM)| —gylpeb&arled
eumy eldlsafleor LweITUMLIG6M60T  OFUWIED
eflen& &Loerfl&H& 60

James Clerk Maxwell

*  HELEOIWIEDL 6UMWE &FLOGOTUIML LG 600601  6U(IHENSHSH6D
LOHMID SIGEWEUTL LWIEDTLI(LSE  H600TESbESET
QFILSHED

s mHeLEOIWEDL Hlemeouled b & o0 &FHemed
6T(bSGI6WT HG6D.

*  GUITGDOTLIT6UITED6ID FLOGOTLIML LY 6M60T 6U(THeNlSHSH60

o drammdleor eumwedlr6ued el &lullem eor
EUEMITILIM|HSH6D
J * SWPEHSHSHEMET HMTevollem 6UDTUIMISHSH6ED

* flemeoworm) Hlspelleneor efleurflsged

* [BlemeoLomm) ormiledl&erfleoT &l emeor
GUTEDOTLIT 66D LomMledl% emed G\ &M600T (b

eU(HeNSHH60

* SNIUET DL PHEMEDIGMNETE0T ) 60oTL Crherdl6oT
gFoeauliubleneod CoHMboHemer 6Xl6md&sHed

* gred HMDFET eflemerey LOOHMID  CUMLSHSHEDET

FoeunrsGsHemne eleurflsHse.

QM6 FTTE06N
(1746-1823)

S FW FINeEITEH M6 LOMETOTEUT &6 G1LM EWIEILD.
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6.1. unL P\ &LD

oo
UNMIThIG@EDHLD, Hiflebedmosd &led BT &EBLD
2 uiT eurmp Suwied SpeoTmed HTMHNSELEDMLOED
o ulir  eumyp
Suiib. eeleeuT(H QBMTGLUIELTIQSID HITD
mlewuiTed (WP(QeugId HIbLD  euemsuied
SMTHBleneoT 2L sreundléSleor@mmid, fled sTHM)

HALD 9 _eoorelebedImLDed

fleo MHOLmseT L bGW

CLPEDS & M) S61T HLO & B &6 61 & LILIEOTLI(bED &,
B&5E Coemeunmm &l  EPEDEEn MISH6T
eeueflaeungsH FHledr ceOD HLDemD SFMHML6T6rT
sTHIled &0 ebEDE. BLOEMLD & LpMhleTar
sMODreoTg eumy| [Hlemevoemoulled 2 _eerng.
@& uleunefleor erefll  Hlemeowm@Ld.
eumysserfleor emwiilemetll OLUMHSE HSHeT
Coudls HeoTemD SHEMIDHSTEYID, SHEWETSHG)
UMW & ETHL Suwinuetorlserfled GMILNIL 558
SieTeled 6258 LIGTUTLSHEWETE 61&ITE00T(H6ITET6DT.

B I
> eumy LoHMID el
) ~ @ moetr 9 D & b
v Oofigon > BenLCuuwineor  Geumiunc

Siemm GleuLiLflemed LoHMID

1 atm S(R&SHSeL, SuwiebLnsGer  eumu

Hlemepemioulled 2_eitem € EWIMH6T 6L

ETEUTEYLD, SiedM EeULILElemeDd LMHMID 1 atm

S(1RFSSFHle0 FIL Siebeng FHlmeu Hlemeoulled

Bmeed @ eunwefler eumy Hleneo

aU.6UD 46 ETEITEYLD SHEWLPESLILIbEIDE.

yedl auerflLoeooTL 605 &led
STHMleoTTed UL (beTengl. & &mmleot
@eowiy oy 78 % emmLomer, 21%
Sy&dgmetr, HMID 1% YD eumu&sememub

o aren

9_6TemL&SHWFHTGSD. HIomMhg SHevfloriserfleD,

aew
euafloetorLen Hlemeoulled eumyy Hlemevemiouled

seoflorisder  WLGEL — Suiedbumeor
STeTTLILIGbEM . e meeor (H, ), emmbLregett

(N), syédiger (0,), easisir (F) b
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&Genmfledr (Cl,) epdlweor sumy flemeoemiouied
FIE0)  CLOEDSEn MISEMTSLD.
eGsned poHdlgemeotl GumeTm SiemM
Hlemeouled eumy  Hlemedemiouded

&HTE0OTLILI(HLD

eeulil
&SMevTLILIbED &). 18 eug esTGHemWE
&nihg hs eumysbsenner emnedwid (He),
Bwreor (Ne), eyfsmeor (Ar),

(Kr), esevmetr (Xe) wmmib Grrmedr (Rn)

&AfllI_meor

SHFIWEU QD) QUTLSHSHETTGSLID. SHTTLIET
Guoneotnéemens(CO), STTLIEITEmL S &Hemen(h
(CO,), 6 IHLIT £260T
(NO,), wpmi> ewpLfls Spdemenk (NO)
SHéw  GEITLorhISEBLID
SRS Hlemeosmerfled eumu| Hlemeoemiouied
@0
6UMILS5&6I160T LIGTOTL &6 LOMHMILD GIGTLTLI6mL LI
P& peysemenu Hraiser shmileli&er.

ML S} &HEMEN (b
FNHMIevor  Gleulil

&HIT60OTLILI(H&560TM 60T. urLbu@SHluled

6.2. eumy ellFser

Geudlulwedledr  eueni&FHAuled  eumwy
el seir
eeulil  [Hlemeouledr SMILSHOMTS, SIIRSHSLD,
&6 iemey Gunedm UevoTLSemeT  AMHE

(WaHEW UMkl &ML 6T6T6OT.

6\&ITEOOTLSH60T ELOEOLD ©_(HEUMSGSLILILL 6L
eldlaerfleor iqliLenLul@eo@w eumyéaerleor
SwimhLeooTL&6iT 1ML G0TM 60T.
el aemenli upm) eXlfleun s sHMIWLLD (LP6OT6OTIT,
WP&HEW sTeooflwneT Si(RSSSHSemeor LDHM
mmd Yflhg esmer@eurntp.

eumy

eflemsuiement, ellemws CFNSSLILIHLD
uUTLIeoTTed EUGSHSHS &HewLLLG H(RSHSLD
6T60T EUEDTWMNISHLILGLIADGI. SH(RSSHSHeor SI
S160@ UMenged (Pascal) gy@b. @Fement &b
sHITOLL(66& & HuplLer (Nm™), ereor
EUEMITWIMISHSHEOMD. Si(RSHSHSHHlemeot GSOILILIIL
Go@Iib U OGHET  HEML(PemMUiled
9_6Tenent. Sihd DG HEHHSD, SI S1e0HMHGSLD
BemL Cuiwimeor OBMLITL LedTeBLOmm):



elems (N sieve08 Kgms™?)

SI(PSSID = .
uTLiLIene)y

S L6Uemettr 6.1 SH(RSHSSHH 60T 60 &6T

gl
HOS Sl (Nm? or kgms?)

pascal Pa 1Pa=1Nm?*
atmosphere | atm 1 atm = 101325 Pa
millimeter mmHg |1 mmHg=133.322 Pa
of mercury
bar bar 1 bar = 10° Pa
torr Torr 1 Torr = 133.322 Pa
pound per . .
square inch psi 1 psi = 6894.76 pa

6.2.1 uruileb eX1F] - (SI(RSHHLD — SHEvTSiET6EY —
OBTLITL)

eun&serfleor S(PSHSID LOHMILD
seraiene] SpSHweunninGg enL Guiwimeor
OFMLilemeor QMWD  GOUNIBL(h  TMUTL
uruiled esmLI&Fwneor U G&NSe6m60TSH 66T
Gume&etoTLMT. Sieul UWeiTU(bSSH ems Ll
Gurmedtm o Flfl 2_LST600T SiemLOLIN6m60T LILLD
(6.1)6b BMevOTEONLD.

u P, atm
$ Pyas

A 760mm
v/2

(&)

UL 6.1 uruied eld - Gangemeor

(1) (<)
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ULLD (8.)

2_usreousHler @ (pemevtaaflad 2 eier

STLLLUL (beTeTeummy,

UMSTF L L SH60T Sl6ney FoMGLD euensHuiled
2 usreooisHlent HobHs (Wweweor  euHGW
uUTSI&D CaFI&HSLILIGHME.

ewlqul (wemeoTuiled SlemLLIL_(herTerT
SMHB60T HeoT a6y, SpIoL Hlemeouled v
gemefled UTHWNGSD eUemBUID Fn (bSHEONSH
unsrssdHemeor GaroHseywn. @rbHlemed LLLD
6.1

uneosD GeisSLIULLST6, 6UML 2 _600T(HLD

(&) 6 SMLLLUUL(bETETS. &n(bSE0ns

S(pSHsNaTH, S (WenersHafled 2 erar
LUMSTE
GeumumLiq 606D
Hemeouled @@ (wemevrsaflepid

L L MBI&EHHG BemLGuiwimeot
uUDLLGHDE. ST
o_aiterm
UMEIE WLLHKSEHSS SewLCw Geumiummb
L QUILDTGLD.
©_eUOI[BHLD (PSS, EUETIDETITL 6D Si(QSHSHLOMeoT

eTeoT(Gey SeMLULL 6y
1 atm &&F &WD. SemLULL  eumweleor
HEOTSIENE] PO SieTemeUS  SHMLIGEID,
sflundlwerey GemmésLliLp Gurngl, UTSHTE
LLLRSEHSE BemLGuwneor  Geumumop
760 mm &5 aiFlsflsdng. Snhleneouied
SIeMLLULL 6l 2 60oi(hld (RS 2 atm
H&WD. @sengliuenLuiled, QB GBI L
eeuliuflemeouiled, ML L HlemmuyeTem eurmy
SIWLHEI&H QOHMETEDHLD &60THETEUTE0T S HSH6E0T
AWR&555HDG erdlieldls OSTLILemLIIS
6Te01 LUIMufed (L19.6)] O&FISHTT.

Hevoflgefluied (WemMLILILG, umuied

el Fluflemeor SpdeesoT(heTemeUTN) 6T(LQSHEDMLD

(T womib n wrrledlser. T — QeuliLflemeo, n —
BomebaserfledT 6T600T600f & 60 5)

k - elélg onmiled)



FoeTum®p (6.2) & BMD LIHMILEDLOEHELD
Gung), Lroms eeuliLflemeo LHMID Hlemmule,

PV =k
6UMW| & &6rfle0T Geudl &5 60T6mLD
THSBEWSTE QLD  SMETHE

AMUSHEHSGSID (PSS GHeMMEUTE 2_6iTer
Hlemeouiled Lmuiled el ELIMIBHSHID.

efeor@eu  WMMMTE  GeuliuflemeouileD,
BmBeaum Hlemesefled 2 etem Gl
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Q@ FHDHS SHeMIOLIL| TEOTDEMLPSSLILILEDS).

eaubHemrd G\BITETOT (hET6IT Q0
Snhs Waemer Fnhs AlenwLTHSTeT @b
ThSHHSSTLLMGL. Seucusnolitled Spmmed
(@6uliLb) wHMID Eun@Hetorem  (BrmeN)

B6oT(blD FLOVIGE HLSHSLILIBEDE.

SiemeTHs 2 uliflevTriier
Geudlellementdmer  Hmbhs
616160T60TI6D SIEMEUSBEIT i LPEVIL 60T GILIT(HETOTEMLD
LOHNID SpHmemeo Lfllonrilés E\&memledTmeoT.

LoMHMILD
SlemLOLIUMGLD,

7.2.2 SiemwLINl6dT LI6DOTL|&6IT:

GILIIT (T 60T 601D &
GILIT(H 6007 60O EITIT LIGTOTL| &6

LoHMILD
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siemwlflenenL i e LGOI &6
315601 [lemdD SiebedG SieTellementll QLMMIS S
SIMOHOTDET.  SpeoTned  Feo  LIeToTL &6

3igeoT [Hlemm Si16b60E Siemelement CILIMMISE

SeMLD US| 6D6MED. @601 sigliuemLuied
SiemLoLILI 60T LI600TL| S 6T 6\LIM(H600T 6MLD
&MITLI6T0TL| &6, LoMHMILD 6\LIM(TH600T 60LD

&MITMTLIE00TL] & 61T 6T 60T 6U6M &LILI(b SFHLILI(b & 60TM 60T.
EWIM(HEDOTEMLD &ITIT LIGUOTL|SH6IT:

&@H UesoTLIMeDTE Semioliieor Hemm
S SieTellemeT QAUTMISE SIEMLOHSHTED
SILL6TOTL]  QILIT([H6UOTEMIOSTT  LI6UOTL|  6T60TM)

SWPSHSLILGHEDGE. 61.EBM  &HOT 66y,
Gunebserfledr  eTetoTevvllHemS, [Hlewm, SiH
SyHMed GUTEITn6m6Y.

GIIM(HEOUTEMLD STITITLIGTOTL|&6IT:

& LI6GOT LI 60T & Sl 60T
Hlewp  Siebens — Siemellemest  QUMTMIS S
SiemLOWIN H [HHST6D SILILIGTOTLY
GIIIT(TH600T 6LO ST IT LI600TLY eT60Tm)
SIWWPSSLILGEDG).

TbHHGHM (b  eefleleosed erevor, LTl
Baiemns, LT HP), eeuliublemen,
asndlHlemen, 2_emmIflemen, Gomeomy

HeoTl66Y BLMEITMEm 6.

SiLL6uemevor : 7.1 QILIN(H6voTEmID ST LOMHMILD
GILIM(HEVOTEMLO &M LG0T &6 160T LILLq WI6D

G\LIM(TH600T 6MLOEMIT G\LIM(TH600T 6MLOEMIT T

LI6D0TL| & 61T LIGOOTL| & 61T

HE0TN6M6Y, [Hlemm, Gomeomy 6ot

ewunnerfledT Siemey 66y, SILTHIF),
(Gomev), Gomeom blemm,
M6, ereotsmevldl, | GomeomiflLlg,
ereoT_ Gy, sLiqeom | GomediNedTeoriD,
SHHMED, ALl GomeomedlL L,
S meoT SeoTeeuLIL
ahYSSme0T.




7.2.3 el @uiss56eNWed 61FWIED (LemMEST:

SiemLoLiiled &b LOMTMHM SHemS
2 (HEUTHSS Fnlqll QFWEOEIT eudkLpemm GleuLiLl
Buisseiled 6FWE(peHD  ETETLILGbLED .
QeULILLILI(b S &ISH6D, &eflies5He,
GUIMIL| & & 6D6IT affleuem L wWeFiigHeD,
GHRISHFOFILHED, 2 (HHSHSHD, SpeNSHSHD
eeuLlIl

Gurmedtm 61FWIED(LPEMmM ST

Buisseiwed C1FLIGD(LP 6 M & (6TH & BT 60T

T(bSHGHISS ML (HSENTGSLD.
O FWE(LEMM SH6ITl60T 66D SHE6IT:

&b LN Buisseilwed
Q& WIED(PEmM ML, SleueuGeum)| eULHIS6T LoHMILD
ueb@Beum MHubsemenseflear Sp HaPSHS
(WPigub. B&F6FUIED (PemMEHemeT LeiTeuBLomm)

UMSLILI(bSHS (LPLGULD.

LOelT eFWe(Lpemm:

SevoTLHSleoT Uil  BuissHefluied
LIevoTL&6rfled eTeuals LOTHM &EMSHW|LD
FgDUGLSHTON, SieMLL]  LOHMID  FHLPeD
SieuHmledt BmigliflemeouledlmbH &

SHIbUFlenesHE LEDBD 65 6FW (LPenm
LBETOFWID (DD  ETETDEMPESLILIbEDE).
WBe1 aFwedwenn Haw S Hubsemersear
S16UWIOTEOTHTGLD. (PSHOMEUBT S,
GIFWIEO(PEMDWITETS|  [Hl6voTeoof W iemexled
Bls ewgeuns [Hley Geuetorpd.  LLMHMID
QIFWE(PEmD  (LP(QEUSID
SIeMLOLILLD, F5LGVID &H600TIqLILINE FLofblemeouied
B w5 Geuetur(hlD.

@eturLmeusns

D6 Q& Wed(Lpemm:

SiemLOLIL| LOHMILD &;Lp6d SeunmledT BmH
1Blemeouled) b &I, Sy TLOLI Hl60 60 LGOI WIS
QW  eswWeenm, Letm Q&N
TOTNEMLP&HSLILGBGED S SuiHensuied Hlagb
SIMETHG  OFWIEOPEMMBEHLD  LOETTEIFIIED
(PEDMSBETTGLD.
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LBemn&agIIed Wemmuler@Gumg)
SieWLOLIL] LOMHMILD §5LOEDITE0TH) 6E0TEOMTEILMTEOTM)|

gblemeoulled SpLLlebemeD.

eeulubwmmnE  eFwedpenm  (Adiabatic

process)

& eFwed(emmulesr GUTE SiemLoLiL
LOHNID FHNGES BeoLCGuw ereuails 6leuLiL
() uflordmpd HeprHELiler SiFaFuwed
(WemMm Q6UlUD LOMMTF  6EIFWIED(LPEDM  6T60T
UEDTWNIGSLILGHADS. eT&EFWe(LpemMUTED
SiemoLILen)eTCan Siebeng SiemLoL N0l HHESHT
ereuely 6Geulin uflomHmp edemeoGuwim
LITMNE

SIFE\FIIED(LP MM QeuLILLD

Q1 FWeL(LEmM ETE0TDEMLPSSLILIbHME).
SiemLifeneor GeuliLg SMLSIHEUSHEOT CLPEDLD
s
W)

SIeMLOLILIT60T &)

HubSemeT 2 [HeUTSHSLILIGbEHME.

QeulUD  LMMT  eFWed(Pemmuiled

oL 60T
uflomdod  Q&FwWWl  (PIQWINE (@ G6uID

QaUlLSHemS

LMONE QFWE (Pemm&& q = 0) eTedTLSHTeD,
S1emoLidleoTmed Geuemed GFWIWLILILILLTED ige60T
eauliuflemed GeonEDG, Siemwlidler L&
Geuemed QFILWILILILLITED Si&H6e0T GeulILblemed
gl s f&EHng.

eeuliublemen MMM O&Fwed(pemm (Isothermal)

QI QFWEWeDDUTE) SIeMLOLILITEDT S
ooy Hleneouledlpbs, Bnidlblenede
wIODWenLWD Gungl Si560T  Qeuliublened
LOMMITLOGD BmHHTed
Lommrm

Lommledlwirs
SIFEFWIEO(LPEDM eeuliublemed
QFWI(PEDD  6T60T  EUEDTIIMIGHSLILIGbLED S
BFled SHDLILTETEH AT  FylPEIL 60T
ealiusems uflonHmd esLEng, GCuaild
SiemLoLiLler QeuLiLIBlemed oML B SHME.
@eueunm) LD H[HEELD
eunmLep GCangeneorwimers OLHLOLITEID

eeuliLblemed

eeulILSTHlemed 2 _LsTevorsHed (Thermostat)
H&&5SLILGbLEDE.



e euliLflemen
dT =0

oMM

W)
EF WP MM E S

SI(IRSHSID LOMMIT EIFWIEH(LPEMDM
(Isobaric process)

&b 6156 (PemMUTED SIEMLOLILITEDT S|
by Hleneouldldhs, SniFl Hleness
wIOOweDLWD  GCuTg ST  SIRSHSLD
rMledwns BmHsmed
SIFEFUIEO(LPEDMD Si(LPHSLD LDMMITE CIFUIEOLP DM

LOMTMITLOGD
6T60T EUEMTIIMISSLILIEDE.

& Si(RSHSLD LIMT aFwIeWenmuileh
dP=0.

&HeuTaleeY LMD Fwed(enm: (Isochoric)

QM 6FWeWemDUied SIEMLOLILITEOT S

rbu  Heoeowldmhs, SmndBmedsd
LIOOWEDLWDLEUTEH — IHEOT  SHEOTSi6T6Y
LOMMTLOED rrledwins Bmhsned
SIFEFWIED(LPEDM &H60TI6T6Y LommT

QIFIIE(PEMD  6T60T  EUEDTIIMISSHLILILEDE.
sGeomfSLLIfled e  erflaumper
eTflB&LILbSH6D oMo
QFWI(PEDDES B ThSHSHISBMLLMGSLD.

U
&60TSI6TEY

6D SHEUTSIETEY LDMDIT EFWIE(LPEDMEHS
dv=0.

a&mm| eswedwemm (Cyclic process):

QI SIDWLILTETH, GSTLTEFHWwImeT
uev@Geum| LMHOHISEHSHS 2 UL LeoTeorT
SIHE0T 2_60UTEMLOILITET SHTDLI [lemend & L6ms
oL Cug Q@ sHM)I FledDENEmLHESSHTS
SHSLLGL. @FOFUID (PedDIITETS SFDHMI
QFWIEO(PEMM 6T60T SIMWILILIHED &.

& &ON esweemnse dU = 0,dH = 0
,dP=0,dV=0,dT=0
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SILL6UEMEDTT : 7.2 61FUIEX(PeMMEET LoHMILD
SieuDHBID&T60T HILIHSEME0TSHET— 6(H LIMIT 6me

QFWeL(LEmM 1BILIrH & 6m 60T
eleuLILIDLOTMIT q=0

Q& WIEL(LEmM

aeulILBlened dT=0

Lommm

E1FWIEL(LPEmM

SI(RSSDLOMDIT dP=0
61FWIEL(LEmM

SH60TSIETELOMMIT dv=0
61FWIEL(LEmM

&Om) dE=0, dH =0, dP=0,
Q&ud}@@m dV:() 5 dT:0

Hlemen& FMITL&6T LoMMILD CULPIFSTTLISET.
1Fleme0&FEFMTLSH6IT

Bwsseilwed
SHEw
LOMSI& 6m6I LILIEOTLI(bSHS] 6UemTWIMI&HES (LLGU|LD.
®wm Henesamiy
Qwm el Susseiuied usorunEGL. 88
SIMLIIET ABTLSEHULLL QI HewensHE

QeuliLl

QG
siemwlifemeor PV, T, wwodmio ‘n'

eTeoTLEH  StemioLidledr

& SOILILL wHllillener 6&MeiorgHaHELD,
Goaib B5EMIlL Heneenw SiemLLl
WeorupmiulL euflufement (path or manner)
OUTMISS SHMLDEUS6DEMED.

T(bSHHISHSML(b:

awssw (P) , sersemey (V),
eeuliLflemeo (T), sisapnmed (U), ereorsmedli
(H), sL1q60m oymed (G) GunedTmeme.

EULIFSTTL| SH6IT
BINE

aufIFETIL  eTedTUSH QU



Buwisseiluled  LIeBoTUMELD.
ooy Heveowledlmhs Snidl Henesd
IHOWemLWD ufluienerl LTINS S&e6or

Lo FILIL| SI6WmLOW|LD.

SIEWLOLILIT 60T &)

TS HISHSML(b:
Beuemen (w), QeuliLid (q).

6B 61&LIED(LP 6O DI 60T &) Beit
PeopulBeoGwim Si6be0 g emm(enmuiGeoGuim
H&Lp&SLILIbLD Gurgy
eeuelGeum) FlILsemer OLMISEDE.

Geuemeowinet |

a1&ghmmed (U)

SIBHPHMMED 6TEOTLFH QI SiemLoLifledr
SOIIIL585568 ueoUNGWL. % U eredim
GO LMD GHSSLILGLEDG). StemoLidledr 15
SHMHMED ETEOTLIFH AHEWMIOLITGIETET  SHEWETSHG)
2| 8 M)|&6ITTE0T HETDIE 56T, HLLI6TT1 86T, LoH MILD
uHM(HHSH5
Snlqll SpMMeEdSefledr WHLISHEHSHSHE &LOLD.
& CLPEDE S M) &6TTl60T
GIOMSS SHOMED ETETLSH HeWEUSH6ITEnIemL LI
@Lieuwie) gpmed (U), siflieyspbmed
(Uy), sippdiappmed (U,), Gevammiijeyboe
(Uy), lereorgmm  gpbmed  (U,),  opmib
pe&HEn QemLuibHeTTed 2 _6BuTL MG
pmmed (U,) Spdlweunmleir gn(bdeomn@L,

CPESHInMISHET  SpEIED6U

SiemLISgiemer

SiHMeUE)
U=U,+U,+U+U+U+U;
SiemLoLISIgieiem SIEM 60T S8
SHHMEDTE0T &
3% SPMHMED ETOTMEMPSHHLILIGHME. Gl
Buissewedled siemwlifler eflHs SHHmed
wHHNenereilL. SH6e0T Sis HpMHMEdlEd DLIHLD
(AU)
UMLIHSSTS SIHSLILbEMDE.

W)

&SI MSafledl QLTSS

LOMMHMLD LLGCL  (WoHHwSHE6uD
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318 SHMHMEOIEIT (PSS S|6ULD:

&b UNHET UDM(HEHSHS Snlqll Sis
SHHMEDTEOTE| SiHEOT SN 6LLq EUEDLOLIL|SEW6IT
Gaumups S Simiw 2 _seydms.
TbSHHSHSTLLTS Snijuesfleor LnmGeummienio
61119 6) Il HEITIT 60T ﬂgrro"osmut(cﬂm.,n@uﬁ)

wHMID emeurd(C SHEILIEDT 660TMIL 60T

smsnmb)
eetn  GeumiLib&eTmenr, Bemeusein
QeualGeuml o1& SYMHDEDSHEWEMD  LOHMILD
eeueuGeum)

615 IT600T(H6ITETEDT.

WTY: ) SI6MLOLIL| & 6MEITILLD

318 SyMMedledT FAmLIwedLs6T:

. () SHMLINET Sid MM 6
GIUM(HETOTEMID  FMTLISOOTUMNGSID. 6B
SiemLoLiSlgieiTem e uma efl er

SieTemel  UTNISHS @& SiewwdHns.

siemwlflguerer  Qunpefledr  SieTemeu

8 wLRHSTEG0D GUNg, 318 SHDHDHID

& wLRIsTHDS.

c Qm Semwlller 215 HOME QG
Hemeo&sniy. @& SiemwLileor Hlemeo
wrlsener (T, P, V,  HmIb n)
LG &MIHE HeMDEDEI. 18 SHDMEd
wroowrerd, & m & Fl e» e e» w
SieMLIL 6TH% eUP(wemn LNedTUHDLILILL )|
ETEOTLIEMNS CILIMTM)SHE SHEWLOWITE).

. SiemWLIET 185 SHDHMED LMHMLOTEITS)
AU= Uf— U, ereor@mIuibubSma.

. &M OFWEPemD &6, 3% HHDHMEDl6D
ereuedls LomHMWLD Hlapeudlevenen.

AU (g =0

° 6(H SiemLoLIgeoT @QJ@LB]GO)GD T
SHDDEONENTH ST  SpTOLIHEHEONS
syppemeei.  Gemmeuns  SHSHELD



Hlemeouled AU 6018 61 ST &M oSlliemL
euMILD.

AU=U;-U;=-ve (U;<U)

SlemLoL19ledT @mniHlemeo
S} HMEDTE0T & (U, SiG 60T
gmouBleneo(U,) o1& gymmemed el
siflsones meen Hemeouled AU
Sye18l Cri&n wHHllienL ELMID.

° @@
AH

QeuiiLid (q)

Gl6uLILID (0) SH60TE, 6D SHeMLOLIT 6w 60T
ge0ledlmhe UflE@n  erevemed  euhlGu
SLSHSLILUGBLD SHDMEd 61607 SHIHSLILGbLED .
Qellll  LMHDOTETE  HeWOLL] oMM
FLoaIsHHenL Guiwimeor eeulILbléned
LIHDSIHNS CUHlEUSSHED &I OGULILILD 6T6OTLIS)
&b CUIISENITL] S LD.
QUGS H 60T S160&H6IT:

eaulusdHer SI S0 g2 ().
eeuliu semelihde euTgeuns &Geomflaerfled
(cal) semefLliLpEDE. GeulILbHlemeowImeoT &)
15°Cs@ o _emenGurgy,
Q®m &omd Hifledr eeuin Hemeemw 1°C
2 wisseusnNE& CHemeuliLibld e6uLiLIGSeor
Se6) 615 SHGEOMf] 6T60T EUEMITWLIMIBHLILEIDE!

SIHBTemLoued

eauliLG et GMUIL (b HemL(LPemM:

QleulILLD (@ eremp GBI LMD
SMSSILIGEDS. &5 L0l BIH &,
siemoliflgnyerGer GleLILID UMibSTed
SiemLoL I 6ot SHHMEL aFsf&EHng),

aeor@eu  Geulid GrIemuiLnse  erhdHsIs
asmemerlLGbADEI. (+q ).
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SiemLIIedlBHE aeuaflCw gLIHE
Qeuliud  umibFTed SiemLdledr  SpMMed
GmnED I, TenTGeu QeuILD eTHTGSHuILTS
TS GISHBMeTeMILGbLADSI(—q ).

@Beuemen(w)

elems (F), wpmio LU euwiy&dluileor

(x). owLmsGHBTems  (Beuemed  eT6vT

UMIWMNISSILGHDE. —w =F x  ——-(7.1)
SiemLoLidleoTed SH60TE 3B

SHOOEDET QI UGSH LWETLI(LSSILL (b,

Geuemen & WILLGLEDS) GTEOTLIEDSH S

ellipauspens @mE eaHien ()

SN &LILIGSSLILL (HETETS).

GeuemepulienT &)

() @meufFsNTY SHSLW.

(i) o1emwonfeor  erebemeduiled L (HGLW
QeueflliLbHmE.

(iii) 1emLOLI N 60T Blemeouiled LOMMHMLD

anuUGLEUTE aeusfliLbEDE.

eeulu  Suisselwedled  gLpeomeTs)
sl ewfluig) eTedTLSTed, GUT6Te) LomhHmkiSeT
gsLo60led [FlaLp6)Sl6bemeD.

BeuemenulledT S160&H6T:

SI se0® g2 (]),
QM HulLer elemsuieorned, & WLLE
H&LSSLILbHLD
sieuelemaufeotmed QFWLWLIILGL Geuemeouleor
3166 6([H D6V 6TE0T EUMITUIMIGSLILIbEMD G-
( J= Nm). Geuemeoulleor oiemey Sil&HONS
Bmulerr HBeom 960  (kJ)
LwedTLbSSLILGEDE!. (1 k] = 1000 J)

Geuemepuleot

@Lleuwgsdl Gungy,

DG



GeuemeouledT GMIUIL (b HEDL(LPEmM:

Geusmed (W) SO LTed
SMISSLILGIDE. 105)

Geuemed QFULWILILGL GuTg, SiemoLidleor

ETEMILD

SiemLOLII60TTED

2HMEd GONEME), Te0TGEU HeML(emMU6d
Geauemeowinerrg e HTSEGSHUILIS  6T(hdH&IH
eameTerLILGbEADEI(-W).

siemwolfer 155 @  Ceuemed

esLWlLGDLEUTE,  Semwlidledr  PHDHMED
afleflesdng, eerCeu  mewL(pemmuied
Beuemen Cris&muiLns TbSSIS

Q&memeTLILGbED &L (+W).
SI(RSHSID — &H6vT 66y Geuemen ( P-V Geuemen)

Bwsselwedled,
emeury elifleuenLsedled (F(H&HSLILHSHE0IeD)

W)
eI gleuTs

sigliuemL el

Q&FWLWILILI(HLD 62160 & LIIT60T

&HSSD
QamemerLILb& &l Seleuens GeuemeouTeoT s
S(RHFD — ST Sene] Geuemed (21) P-V

Beuemen(i)

BGeuemed  OL(bBLD

allifleuemLmed (Beuemed  6TeoT

SIWPSHSLILIbSHM &Y.

affleuemL 56D LOMHMILD & (HRI & SH6D
e Fwedwemma&Ber(h OSMLITL{6mL LI
Beuemenaei:

elEBLOUTeDTeoT Geull Quisseflied
Heoo1HEb&Hefed eumysbsafler eflifleusnL g6,
SHRIGSCeNh BMLIUemLIW Geusmedulement
LHUNGACDMD.
eflifleuemLHEL iV FHRIGIHD HSL,
2 61 Si(Rs5s (P
(Pext)
Gaupune B;mss
Gaemeuiment (W& HILIHSHEWEOT S @&LD.

IBITLD &  Siemwliied

o) LOOMID e6uefl SiRSHSID
SyFweupBindHenLGw  SHevorgliLng

GeuetoT(blD  ETEOTLIS

SRS — &Heordiene)| GeuenEDEmIL
(P-V Geuemed) UdlibgHO&HTETOUSDSETS, 6

Gomed HELEOILIEDL] GUMLEMEUSH 6ISHTEBOT(H6T6IT

214

A eaeim GSM&HS 6Ll  UFLemLil
SRS eor

Snlqll ESBMETHEOEMET [HID  &HIHEGeunLD.

2_gmileubm (piston)
SiemLITeneT 2 6ier  eumujeNledr &e0Tieme)
(V) wpmio siemwillgnier 2 ater eumeleor
2is510(Py,) -

eevefl  sipssw  (P,,) Speoral
e a1 sHssSms (P,,), el sdswns
Bm&sGLeUNg, SpsHSlwuners 2 6TCHTsHE
waIdngl. (P, ) 2 ererpsswnearg P, &&
FWMGL euenguiled HewLaUMID SbbHlsLpe)
&Cruiquiled flespeusns esmers, Gab
8nidF sersieney Vf 6TE0T .

BihCrieled siemwlifer g Ceuemed
QFLWILLGEADE (+W) , @8emeot LedTeuHLOM M)
& 60018 &IL_6DMLD.

Ax eredTUg &(HRIGSHOlT  Curg
sipsHuners beIHSHIID, wWHONID, F
eTeoTLg) eumelledt & FWwedLI(bD eflems.

|
1

A-/ dx

-+

P eumuy

UL 7.3 &(HRGSD 61&WwedpenmGuimh
eamLiyenL I Geuemed



F

P, A (7.3)

FLoeoTun 7.3 7.260 Wipdluil

w = P A Ax

A Ax = seorsienedled erML(bHLD MMHMLD
=Vi-V

w = P (Vi-V)-————- (7.4)

w = P .. (FAV) ————— (7.5)
= et AV
SiemLoLILleoT ba Geuemed

eFLIWILGbeusTe, w CrIs&m w&Hllkleneorll
eumiEngl. sipsswnergl (P, ) wrmledlwns
BmUuglevemed. peoTmed, GFWIE(WemmuileoT
Gung, erOUMIR&ID euMLESl6lT SI(RS5SHSHEMS
SMLIGID L& HIevoTeooll Siemelled SiflsLons
Bm&G auensuied wrHpwenLdng. SbHd
SHHIGSHOl0T  eueleun(s  Hlemeouleb,
&eoT Sleneuneotd dV eredtn LAl HIevoT6TOfIL
sieneled GemnEDGI. BSFHemaw CriTeyserled
amyefesr  WgesLwiu'L — Geuemevemwl
feoTeuhD OBMLITLEOT ELOEDLD [HID SH600THEIL

PIQULD.

Vi
WTSV = JF)EXI dV
Vi
KM SHRGHL 6FwWepemmuied
oevefl oSipds P, Speors  SiemioLideor
S(R5SHSHMS SMLIqYILD eTLIOLIM(&ILD
G sMe BHSESLD.
signeug P = (P, + dP).

e afifleuenLged eFwed(pemmuied

oeuefloipsso P, Sheorg  SiemwoLideor
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SN(1p5556MS ML ETLOLIM(IQSID &6DDEY.

signeug P = (P, - dP).
P
Vi sersieney(V) Vi
UL 7.4 P-V euemguLLD
&HEOTI6T6Y V.,  elmhal Vfé,@
SmRIGL Gurg, SiPsSsL  rhledwns
@ebeomoed SBLILGIL 60T, WMDHDhRIGST L&
miesorevoflLig &erfled  (LWemhHlLbsemetserflev),

@msewnuiedr P-V  euemIULLOMEOTE LILLD
74 e
esseeng. Sbblspele eumyeler s
aswiuCL  Geuemeowimeorg  HlpedlL L L

SMLLLUL (helTel  auemTUL S D&

urliileotmed GM&SLILIGEDSI.

QW eungeurer  Gmieded, el
GIFILI(LPEMM S EHEHE HLD LletTaUBLOMM) 6T(L0S
WIQULD.
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P V=nRT
_ nRT
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¢ nRT
W, = Jn— dv
v Vv
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AV
w,, =—nRT J(—)

v \Y%
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Vi
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v,
Vf >V,  (effleuemLged) eTeufled
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SHMHMED LDHEODTIHEUEHS SyHMeos
LOMASlEDTITAVILD, 6(H H6vflHFH SewoLiedr QNS

SHOMEL 6 LOMHIEd SHSLD.

QI Siemwliunerg Hlemeo 1 eOl®bHa
flemed 2&@ wIOHDWeHLWID GuTgl SiSHeoT
ssgynoeoners U, eloha U, &&
LMD ML EMEI. 6T60TE6U 18 SHMHMEL LOTHMLD

AU=U,-U,.

SiemLILY SHDHMemed 2_rilehseusmGeom

SV & o _1flipeusnGeom SV &
SiemLoLILMeoT & Geuemen 61&ILIUSTEEM SHEDE0 )
siemolifletr 155 Geuemed AFLWLILILIbEUSTEOM

8hs o1& HMHmed LIHMD HSHPADE.

SiemLoLIfeor ownss SHHMED
wriledlwns SmeEs Geustorpd.  ereoT@ey,
Wp3ed elldlulleneor LeoTeupLomm) &evoflseNlwied

FnHDNS 6T(9S (PIQUILD.

@i q - siemwltnE O&M(b&HesLILLL
eeulins et siemey ; w — Siemwlidledr L&)
QFLWIUL L. Ceusme.

eeulIL Buwisseuledleor (Wwaed elllulleot
LebGeum)| &n HMISHET :
(1)  erIOILIM(QEISHEVEDIID, 6(H SHMMEDIET 6([H
SN L 6uems wemMAMBSHT, USHS
FLOLOIT6DT  SHEY6ITENT LOMEDIT(IH EUETIELLITEDT
SyHDEL HETUTQLILING ©_([HEUTSLD.

(2) e SiemLoLIL] LOHMILD 516D
ShAWeUDIIE0T QLOMSS SHDMED 6(H Lommled]
( Siev608) Sifleunn| SHHSLD).

(3) "sppmemed HpHHCeuT SiflHsE Geurm
(WPIQUITEH| SHEOTTEL 6D  EUEDSILITEDT

SHHMEmEd  LMHEDTIH 66 & LLIMTE0T
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SHHMEOTSH LOTHDEDILD.
(4) "o cpgw sieowlller 1% HHMEd
MDD eTeTUS  iHe0T  eTevemeouileor
euLflGul
QeulILLD Sieve0s GeUeme0&HE:E FLOLD.

uflormlu b

(5) "eeuiud wpmI> GCeuemed Sy&liem6U
6 HeWLILINET SiBHSHMHMEMED MHMID

B aflsam@Dh
7.4.1 (wseo efiFlulleor sevofldeNlied snmm) :

eaulu Qusselwe (psHed elldlulleot
&60fl5H6HWLIeD Sn DHMDITEOT S,

QU HevedlwiedL]  eumujeleoT
affleuemLsBe0mh
QSMLILEOL W Q) &HM| 6FUIDPEDDEHS,

Hl&pe| 1

eeuliLrblemen oMo

AU = 0.
gweotuno (7.7) = .. q=-w

aigneug, &OHM EFWedpenDUiledT
Gurg, @ Semwinilermed 2 mlehslurL
QeULILSH 60T SHETEUMEDT S, HHG leWLOLIT60TTEd

eFLWLLL L. Ceuemedd@&F FLoLD.

Bapey 2 :
QFWe(Wemm&S eflifleuemLsed Geuened eI&Id
Bevemed (HevTSleMEl6d LMTMHMLOELEMED).

QUH HEUTIENEY LOMMIT

ereoTB6U
AV = 0
AU = q+w
= q - PAV
AV = 0



AU = q,

SIBM6EUG), & 60T D66

e Fwed(emmuiled ,SiemLINNG &M (bSSLILLL.

LOMMmIT

QQULILILD SiHE0T SiSHSHMHMEONS LOMHDLILIGLED &I

Hapey 3 & eeuund rom
eFwedemmuied ereuedls 66Ul LOMMHM(LOLD
Hlspeuglevemen. (q = 0)

ereorGeu
q = 0
gweorun (7.7) = AU = w
SIBTEUE, GeuILLD LOMTMTFSFILIGD
(wemmuiled, 315 SHHMELl6D e'L(bLD

GEODEUTEOTSI, SHEUEUDLOLINEOTTED  G5Lp60I60T
B& aFlwiu’ L Geuemed&é FLob.

Bl&e] 4: @I SN(PSSD LDMTDTEIFUIED
Wempuied, SiRsSSHHed ereueils LOMHMUOLD
amubeuglevemed. P b wmfled). ereorGeu

AU = q+w

AU = q-PAV

SIGHMEUG), SI(RSHSLD LOTOTE
eFWed(pemmUuied, (10} SiemLoLIfeoTmed
o _mlehaliuLL eeuLILG Hled (210}

ugdlwnerrs P-V eflifleuemLgsed Gouemend @

LIWIe0TU(bSSLILGbLED G- UGS
SiemLOLILNEIT SiHSHDMEIL 60T C&FISHSHLILISHDE.

& peTern

H600THE 7.1

o gmieuphm SRS eUNBSSLILLL
Heoeufled 2 _eTem Q@B eumujeumenTsH 1
atm Geuafl SPREHSSHDGS eTHINS 5
OILLT ®eor Semedleblpha 10 O LHEHS
aflifleuemLfmg. eieurmy HleWGUTE g
400] QUL HHDEDEd SiGETE Wl SmHa
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LIDHM&HENS H600TEHS (b,

Siey:
O&Mh&ESUILLL sIeyseT q = 400 ] V,=5L V,
= 10L

Au =q-w ( eeuliLoneTg SienwlidnheE

QBMbSSLILGIHDE  (+q) Geuemeowinet &

siemwLifleoted QFLIWILILIGEDE (-W)

Au = q-PdVv
= 400 ] - 1 atm (10-5)L
= 400 -5atm L

[~1L atm = 101.33 J]
= 400]-5x%x101.33]

= 400 ] - 506.5]
= -106.5]

7.5 erevrmeold (H)

areorenedlll ereoTLIg SiemOLINET 6
el @uwisseiluied Letor. 6 SiemLiieot
sisgyomed  (U),
SI(1RHSLD LHMILD &60TSieMeN60T GILIHE&(DLIGO6DT
(PV)
ETE0TEUEMTUIMISSLILIbEMD &l HSTEUE,

LOMID  SieueuemLoLiileor

SHAWUDMIEOT  Fn(bFHed  6T6OTHMEDLI

851 siemoliileor Geuemep OFLILD Slmeot
OHMID SemLIT6dT QeuILFHens 6euerflefhd
et PpHweunemn SHILNGHDE. LIOTS
SN(1P5SHHH6L Qb EFWEWenD & (RLEUNSI,
aeuerfliiupLd 36L& 9_nfleh&FLILI(bLD
eeulILGHledT Siemey eredTHMeLL LIHMSHH M S
&LoID.

areorsnevlll Qpblemens LG, 8
siemwLifleor Hlemed wmmlgenmeor T,P wopmio U



Sy@weunemm LG OLMTMISE SHeDEDE.
DTS H(RSSHSH 0 QH SHMLINEOT SHTIDLI
wHMID BmiF  HlemeosEmnsHelenL Guiwimeor
ereoramevliluiled erpud wrHmwnsGeu (AH)
ereorameld (H) @nlé&slubdns).

AH =AU + PAV —— e (7.9)

OIS H(RSSHSH 0 QB SAHMLLINDG
QBM(b&SLILGLD leULILLD (q ) SH60T eT6dTSHMeDLI
LIHDSHNGE FLoLD (SemLoLILITeoT s GeuemHe
Fn.(bded GeuemedW|lD OFILIWING euemTuiled)

AH=qp

&(H el6uLILLDE\BT6IT elemeotuiled
siemwlifermed  gypedled QmbE  eleulilb
2 Mlepsliubdng. Sigmeugs q>0 (CriG
). ereot@eu AH w&Hlyo Cri@nlemnw
euMIADE. QM 6euluD 2 iblipeieneruiled
HOVSS
aeuefGuHDLILIGED &. aigneug  q<0
(erFlT@m ). ereor@eu AH wHlymd
aHIGMlemit OUDIEDE.

SiemLLISedIBH &l QLI

7.5.1 etetrgmedlll (H) womib sissymmed (U)
SFweumnnE QenLGwwimer QSMLIL

LOMMTS
Hlemeoufledlanib g

20} SIEMLOLILIT60T &)
SssHHled,  SpmbLI
(H,U,V, womw P) @mndlhlemeasd
(H,,U,V, wpmib P) womHmsHnH&SLLbD
Gungl epuUGL eredTsmedld WMHMSHems AH,
ledTeBLOMM)| SE00T&HSIL (LPIGULD.

H=U + PV

SHIIbL [Hlemepuied

@mnig Hlemeouied

H,=U, + PV,————(7.11)
ereorgmedLludled ermuGbD rmHmd(7.11) - (7.10)
(H,-H,) = (U,~U)) + P(V,-V))
AH=AU + PAV ---eee- (7.12)
eeuliL Suwisseilwed (Pp&Hed el
AU = q+w

Foeotun 7.12 6 WrHlud
AH = q+w + PAV
w= -PAV

AH =q, - PAV + PAV

dp, - ETE0TLIS) LMD (PSS Hlemeouiled
2 MlehslillL  Qeulud, @& o 6TEpemn
GlQULILILD 316060 G Q16ULILI SILSELD 6T60TLILI(bEMD &)

IDNE eall Si(pss [Hlemensarfled
oLt Qam  Cadlelemer  Ufibg
eumu]  Hlemeowemem  elemETOLIT(IHL&HEW6IT
S0 EUMSSHET SILMRISW el SiemloLil
QETEMMS &H([HHSH. 6XlemeuTL(h UML&S6rfleoT
SHIDL &HeTieney V, erenrayb eilemerallemer
eUMW| & s6rfleoT 6560T8IG|T6).|Vf 6TE0TEYLD Si6UMM60T
Goned erevoretolldema (WemmGW N, LHMID ny
6T60TEH G\BHMEVOTLTED

elemeuTLI(h OUMIHLSEHHS (HTDL Hlemev)



(7.15) - (7.14)
P (Vf'Vi) = (n;- n,) RT

P AV=An ,RT

(g)

FLOEOTUM(h 7.16 &3 Fwedtumch 7.12 6 Wgdluil

AH

AU +An(g) RT _______ (7.17)

7.5.2 uebGeum 6uems 6NleweuT&HET LOHMID
HlemeDemD LOMHMEISHEHHSHME0T  6T6OTHMELLI
LOMMMIBI&HEIT:

& CeudlelemeorGuim(h OSHTLTL|EML LI
QellllD iebedg eTeuTHMeLLl  LDMDMLOM6EDT &)
eXlem eoTuleor BuwievLlemeot MBS S
aeuelGaum euemssafled GUILILLLbGEDS.
SiemeEUSH M6 LleoTeuHLOMD) 6XlemsaeomLb.

FHLL 2 _[Heunged eeuLILLD:

& Gomed GaFwneTg), S L a6,
S(p5s Hlewmeosefled (298 K wmmubl bar
SI(RHFID) 2 _6Ten SiFHedT HevflomisafledmhHal
2 _meun@Ld Gung ermLbLD eTedTgmedLl LoMHMLD
215@sTwHHledT FHLL 2 _([HeunsHed 6eeulIlLD
6T60T EUEMTILIMISSLILILED .

hemL (Lpemmuied SIEWEVT S &
seoflomisefledt HLL 2 _(HeunsHed 66Ul
1L 6T60T 6T(hSH &I G\BMETATLILI(bEDS).

Fe(s)+ S(s) > FeS(s)
AHQ = - 100.42 kJ mol™!
2C(s)+H,(g)» C,H,(g)

AH = + 222.33 k] mol™!

% Cl, (g)+ % H, (g) —» HCl (g)

AH{ 92.4 k] mol™!

dfleo Gafraserfler L 2 _[HeunsHed
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el  FHFHeT SiLLeuemevor 7.4 6D

QBM(b&S&LILIL (HET6TEDT.

sl Lelemevor: 7.4 HeoGarwrasmefleor Sl
9 _(HEUMSH6L GleuLILl LoFILIL|&6T

< 2
2 =
.g E .g E
B ) B =
9 =~ 9 ~
am am
< <
H,0() |-242 | CH,(g) -74.85
HCI(g) |-924 |C,H(g) |-84.6
HBr(g) |[-36.4 |C H(9) +49.6
NH3(g) |—46.1 |C,H,(9) +222.33
CO,(9) |-393.5 |CH;0H(l) |—239.2

7.6 eeulu QGeudl&sweorunmpser (Thermo

chemical equations)

eeulil GeudlFFLo60TUM(H&H6T 6TEOTLIEmE
ererzmevldl oo (AH) wLHLILSHEHLEOT nlqul
&6t eFLWLLLL Geuglellenens snm eXl&ls
gleotum (Stoichiometric Equation) &h@Lb.
eeulll Geudléd FweTumbSefled LiedTeuHLD
IheDL(PemM &6 LN60TUMHMLILI(HE60TM6DT.
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eflemeot

(i) &wedTudbSSUIULL el

FLO60TLIM (S 6rTl6D 9 _eiter
eflemenTuled FF(bLI(bLD
LOHMILD elemeorelemer

Gomevserfledr

(&60UTHRISHET,

eflemeoTLI(H

ewImpL&erfleot

6T600T600f 1B em & Ullem 60T GHMIILIL(b&60TM 60T.
ii) e Ceudleflensvruilest eredrsmedLd LLMHMLD
AH, speors s5&HS SOUI G bHMID
DG L60T GMILNLLUL Geuetor(hib.

(iii) @b Ceudlelemevrulleor LOM)ISEMED
eflemevTemiIL (reverse reaction)
SHHIOGUTE, Sieueflemevtuileor AHeor



eTevor OFlemU LIHOMOE, GBUSLemL
LoD wrHr GOIUNILOUGEDS.
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si6uelemeoruiled FF(bLI(bLD elemeotll
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&M&HG6] eeuliu GeudH& FoeTumhaerfled
&HeootlqLILna &ML Geuetor(hib.

(V) e aauiL Geudlé FL060TLINh (LP(LQEUSILONE
6 GUILLILL 6T600T600T D QILIIHSSLILI(HLD
Gungl, sizeor erettemeLL WHLILYD B

6T600TE0UTITED GILI(H&SSLILIGbEIM&l.
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uDMBHITEL  Sieueilemeot
2 10lp elemeerevreyd, AH° 1odly
Gri@nenw OUOMIHHSTEL  GleULILLD
615 M6TeY6060T 6T6UTEUYLD SIMSILIEDILD.

GleulILID

TbSHHSHHTLLTSH LleoTeu(HLD

elem 6T HEMETS &([HFHIGeuLD
2H,(8)+0,(g)—2 H,0(g)AH ° =— 967.4 k]
2H,0(g)—>2H,(g)+0,(g)AH * = + 967.4 k]

Q@ ellemeruier S Lelewen eredrgmedifl(AH °)
wdldemer, FHLL o _@peunsHed ereorHmeoLi
(AHfO) wHiysefledldha OUDISED.

SeweuTHE  eNlemeuTU®  OLIMIHL&6T

LOHMILD elemevtelemen GILIM(BL_&(6IHLD
sieunmleot, FHL Hlemeosefleo 2 srenGumgy,
SieuelemeoTudleor LOMHMLD,
FlLLeNlemeot eT6dTHMedLI 6TEOTLILILHD &I em6u
AH eBuiLlign& 0-emeu Goed L LTs G&i &

AH? erédrn @&BUSLLTed GSMSHELILGEADE.

eTedTHmevLll
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FF(bLI(bLD ueo@Geum)

eflemeTLICh QILMIBL 6, LHMID eXlemevTelemer

elemeotuiled

OUMIHLSET SdHweunniledr FH L 2 _[HeuTHed
ereoramevLdl Lo Sl serfledlpib &, HLL Hlemeouied
sieuelemeoTudledr eT60THMELLI W HILILSHEm6T HITLD
&600T& S| (LPLGUJLD.

element eflemenll eLMIHL&erfledr Sl L
2 _meunged ereutemedll  wHlysefledmh e
ellemeoTLp GUMHL&6fledT FHLL ©_[Heunged
ereoTaMevLdl L FHILILSHemens HLSEIS SHemLLILg)

slauellemeruiedr  FlLellemeor  eredTHmevLd
HUNNHESGF FOLD.

> AH?

r (Gﬂmmﬂu@ﬂun@eﬁ)

0= 0
AH= ¥ AH,

(sxilansmll aumEe ) -

6B OUNGEUTET 6XlenerTéHE
aA +bB > cC +dD

-XAH?

r (sﬁ]anmﬂu(baun(ge’n)

0_ 0
AH =3 AH?,

sflevents GUT6)
AH = {c AHfO (C)+d AHf0 (D)} -{a AHfO(A)
+b AHfO(B)}

H600THE 7.2

C,H,OH(1)+30,(g)—2C0,(g)+ 3 H,0(I)

eteorm  elemenTd@ SILL  ereorsmedldl
omom  wHuenu  seooreHbs. C,H OH(l),
CO,(g) womib H,O(1) spéweunnieor Sl
9 _(HeUNFHed eTeoTHmevld Ll ser (pemmGul

277, -393.5 wpmib -285.5 k] mol!
siey:

auenrwenmuieor Ly O,(g) eor L
2_(HeUNSed eredTmeoLdl oSl L saefluIomGLD.



g ={law) (o))

=2 sy ), +3(ant), ]

[ ame),, o, 3 (ame), |

2mol (-393.5) k] mol ™"
AH =
+ 3mol (—285.5) k] mol ™’

Imol (-277)kJ mol ™
- + 3mol (0)k] mol™
=[-787 —856.5] —[-277]
=—1643.5+277

AH! =—1366.5k]

ke

ST SN (h Q@?’i

1) CO,(g)+ H,(g) » CO(g)+ H,0(g)

6T60TM ellemenTdH & Sl elemeot
ereormevlll  WHlNementd — HeooTSHH(H.
eanpesslupetetemen: CO, (g), CO
(g) whmip H,0(g) syédlweummietr AHfO
wgliyser wemmGw- 393.5, — 111.31
wmHmid — 242 kJ mol1.

eriflaed eeuliuD

"@@ Gomed GaTwWMETEH il SH6mey
SMHM| V0T p&Hedlgeniled (P(QEMLOWITS
erflsalupd  Gurg  amue  eretsmeold]
rmmb, FCFTLSHHenn orflded GeuliLLD
6T euemIWMIHSLLGEnE. S& AH.
eTe0T  GOUILLUGEDE. EThSHSSHTLLIS
155Bsevfletr erflged aeuliLb-87.78 kJ mol !

CH,(g)+ 20,(g)> CO,(g)+ 2H,0()
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AH = - 87.78 k] mol’!
&ITUevfleoTerifla 606 6006015 (S.
C (s)+ O,(g) » CO,(g)

AH = - 394.55 k] mol™!

aflsed  eflementder  eTLIOLIT(IQSID
Qeuliub 2 10lp elemenT&Hemm@LD. 6reoTG6u
eTfleed  eTeuTHMedldl LMOHDID  ETLOLIT(QSHID
T @mlullemeotll LD HSSLD.

Guomeon GleuliL MU HlmedTsHe:

(210 siemwlinH& GleuLILID
Q&BMbL&SLILGLD Cugl, ieueusmLoLIgeTer
PO&HFEMIGHET 6Geull  SpDMmemed  (q)
9 _nlepsdHleoTment, eTeoTGeu  SlemeEuUBH6HIE0T
Buss HnHmed Gl sfsEHearng. et
eflememeuns  siemoLiileor  QeulLflemen T,
Olmhal T, 5& 2 WHEHDGI.

85 Qeulirblemen o2 _wifey
(T,-T,) syeorgl, 2 MlehFULLL 6uLILSSl60T
(q) setelh@ Crieldlssdlaid, U perfler
Hewms@ (m) erdlieldssHais meaio.

q o mAT

q=cmAT

c=q/m AT

@i c eTedTug Qeulil eSS Smedt

L S
C_(m(Tz—Tl)) (7.18)

m = 1 kg wpmw (T,-T,)=1 K
e Gumg Qeulil  aDLSHH DEOTTET S,
ST Geull  aDLSSMeIT  eTOTLILbEIME.
Goayib FLO6OTLIM(H 7.18 36018 LN6edTOUBLOM M)
LOMHMLOENLED &)

c=q



SiGMeUg, (2105} 1%5]10) N1 [
eeuliuflemeouiled, 1 &SlBeom HFmb Hlemmuyemerm
660t 60T
QWM 6&eldr 2 WisHs SIeUNHETTed
2 MlehdliLbld Q6L SHMHMEdlEsT SHeTeUTeDT S,

ewImBeT QeuLILITHlem 606D,

SieueUemLLIN6T HeoTeleULIL 6IL&HSHMedT 6T60T
EUEMT WLIMISSLILLSD .

®wm Guwre Gsiwgdlhener Qe
anysSmenr Gomeony Qeulu  gmysS meot
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Hl&HSTEEM, SiHedT SHIbL HMID Smid
iHlemevaet ommm  HlapLifleor, SieuedlemeoTulleor

LedLILg SHerfled

oW &G eredramevLdl LoFILIL MMM S[HHELD.

AHr
A > B
AH1 AH3|
AH2
X >Y

AHr = AH1 + AH2 + AH3

eamev aldlufleoTuIeoTUN(hSHET:

6015 meLLI Lo FILIL|& 60061 6Terhl6b Siemeti
Wwns  eflemeaEhd® — Oameveaildlenw
LwedTU(bSHSH eflement eretdHmedldl oI Bemarnd
&600TSHEIL6DITLD. TbSHISHTLLTS
AmeemuLemL, HTw CO o8 Sy &edlggGeorhmid
SlemL QFLILLD elemeoTuledt 6Xl6meT eT60TSHMEDLI
slenedlbded OB

&lliemu &1 60TLOM(&LD.

eTevflgnid Erma-emuLenL, CO,, Sh&HaD, LMHMID
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CO g CO,, spa6b, SpéedlgGermmid Q&
elementserfledT eTedoTdMeLLI L HIILBemer ererflBna
SiemefilL. (LG ULLD.

BelaflementaHEhHE 6rflded  ellement  GleuliLl
wHllysenenn@ui-393.5k],ommib-283.5  kJ.
Shssreyseflemnha S .emuLLqedl®HhaHCO

66T (THeUNH6eD eTeoTHMeLLIlemLIL eamen
el dlemil LWI6OTLI(hSHS) &600TEEIL6DMLD.
@&led 1518110 elem 60T &HEm6IT
Ll60T6UBLOMM)| 6T(LRSEOMLD.
AH, -
C(fne.emu’) > CO g
0,(g) 2
AH, |2 O,(g) AH,
CcO
® %2 0,(g)
eameiv el

AH, = AH, + AH,
-393.5kJ= X - 283.5k]
X=-110.5kJ

7.9 L &&HEn.b HDDO(AH |\ oan )

&(H LI & & &Hl6d o _eitem
Slwenfldemer SFHeoT LIGH Sievofld Camemeu
yererflasafledlphal  (wuelleon esmeneelnd
Pé@aBHE& SybmedledT
se16)  SILGSHSSE0T LSS (b  SHDMEd
61607 EUEDTMISGHLILGEDE. @& Lg&HH8m(b

GmHemeulILi(hlD

6T60TSHMELLI 6TEUTEYLDSHEMLPSHSLILIED G-

NaCl(s)—Na*(g)+Cl=(g)

AH,,,. . =+788k] mol!
Gumanesor  FLOETUMLIGEOIBHS  62(H
Guwrmeo NaCl ugssSleeter Na*  wHMID



Cl" swesflesemer WflliILsHE& 788 k] Symmed
CaemaulILibEDE| 6T6TLENS ML EMG).

uneor — Gamur&nn)

&b eXlemeoTulleoT SHDMELSEW6IT
SHUIHSHEUSDSHTEOT QB STSPDDEW
unjeor — Gamul &OM SGWL. BEFSHEOD
2 _(Heunsdl  OmhweT  SMleIWIeDmeNT &6l
&6 LIMTedTLoMMILD o oL NfI-& Gt S SGwimy
8&&mm)
&m 2 Geonsd GCamegeni Georm  Siebeng)
Sy &erdlggeot Gumedtn Beonss &I Georm G&ImH&l
SiwevflF G&ILomI&eT 2 _(Heum@LD 6Xleme60T&Hemelt
@5shm smHSIL esmendng. Geum 6mHs
weopwWed GrIQuing &H6ToSSIL(IQLING

GILILITITED SMLPEHSBLILILIMD .

L &n(b SHDODEMED SHEOUIHEIL  LITT 60T
Gamuy &OM LWeTUGHADS. S&FsDied
LG &HEn(h 6TeiTHMeLlemI HeUoTHEL  Camen
el LWeITLIGLEMS. T(hSHHEISHTLLTS ererflw
s 2 _Geons amnemedd MX  Gumedim
SiweofIlILg &hiGeT 2 _(HeUTHNIHE LI6oTeuIHLD
LIl B6meTd SIHSHHM &meT@eumid.

M(s) + ¥ X,(g)-2He 5 MX(s)

AH AH

2 U

H

X(g) —am, X®
+
M* (g)

M(g)
3

AH, - M(s) elmba M(g) =&
L& SLOMSHE0160T G\6ULILILD

1 x (g9 ooba X
2 Hiflemswmid SpHHmed

AH,- e

AH;- M(g) ed@mha M'(g)syswomm
GaemeuliLpld Sweflnss SHHmed

AH, - X(g) <peorezn X(g) o
LOMHMLOEMLILD CFWIeD(LPemMUINEIT 6T60&LITTE0T
BTLL &I

231

U - $levoro MX &5 eungedledr Lilg &&n.(h
SHHMED.

AH; -gevflorusafledlmha Gmmquins
MX o @peun@l elemevtulledr  ereoTHMeLLI
LOMHDL (2_[HEUTSHED T60THTELLI).

eameiveledT QeULILID MMM  &nl L 6D
el dlig
AH, =AH, + AH, + AH, + AH, + U

NaCl ug&5S60T LIg&&H8n (b SHDHMend
He0IHH(beUdNH& uMTeor — Gamul &hemm
HledTeuBLOMM) LILIEOTLI(bS &I Geumib.
elemenTLICh

eflemeoruiled FF(bLI(bLD

GILIMIBL&6IT SeofloBlemeouligid, eflemer
eunLeeT shisefler HLL  Hlemeosefleld
o _etengmed 1 bar sSpsssHIleL eflemevruied
agmup  ownss  erenigmeddll  wmmmoNaCl
LG BSEE0T ©_(HeUNHed 6Te0THMELLI  6T60TEYLD
SIMPSHELILGIDG. Coeid NaCl 2 meun@L
ohal apeusns
SH&IGeuMD.  eueeunp LIquieID Hls(pLD
erev1amedLdl LoMMMalGefleor Fn.(hded eXlemeoTulleor

elemeot Lg &Herfled

QNS eTedTdmevldl LoMHMSHIHME&GF FLOLD.

@deblprg  NaCl
(b SHDMEMED SH6TTSHEILEOMLD.

LI &S| 60TLILG. B

AH
Na(s) + % Cl, —f  yNacl(s)

AH, AH, U
Cl(g) 2, ~Cl(®
+
Na(g) Na+
AH, 28
AH; = Gsmquib GGemmemiriqeor

o_[meunsed eeulib = —411.3 kJ mol™!

AH, = Na(S) e0r ughIBLONGEd QleuLILD =
108.7 kJ mol!



AH, = Na(g) eorsuwefliné@Logsmmed
=495.0 k] mol!

AH,; = Cl,(g) emiflemsgybmed = 244
kJ mol™!

AH, = CI(g) eor ereo&Limedr HILLID =
—349.0 kJ mol™!

U = NaCl 601 Lig&&n.b S4HMmed
AH, = AH, +AH, + 1/ AH, + AH, + U

~U :(AHf)—(AH¢+AH2+}£AH3+AH4)

= U = (-411.3) - (108.7 + 495.0 + 122 -
349)

U = (-411.3) - (376.7)
o, U=-788kJ] mol!

LG &&S8n (b SHOmed  Hlnleerer
@by eadHienwrerg, eumybleneoulaieTer
Na*wpnibCl siwevflsefledl b sl NaCl
2 _meun@Gung SmHmed GeueflliLGE DS
ETE0TLIENS GSMISHED&l.

ke
ﬂ%?
4) 1 Guwred 6wdefdwib, 1Gwred Hireu
HGrmbleslled b, 1Gwmed 6wseotadluib
HGomemo®b swnifls@n Gungl 524k] siemey
SHHM6d AeueflLILIbED .

S0t SIISh

G & 60T L& &) 60T UShISLOMSHED
eauliLb148 kI mol™! , Slreu yGrmbleofledr
Syeflwinged kJ
SIS BHEIMES

eleulIub31 mol !,
LGmmbledTeumu|eme,
CaemauliLipld iflemsuwenLH6d eleuliLb 193
kImol™!, ewéefafuisHeor siesfliinssLd
bpmed 2187 kJ mol”!, yGmmblevfleor
eTeD&LIMEdT BT LIb—662 kI mol~! erevfley,
e &eof edluwib LI & & &) 60T
LG &&8n(b SHDMEN6DS SHET0TSHSE(b.

H@omemLoh
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7.10. 6eulil @uwisselwiedleor mevorLmbeX

el Busseflwedledr SrevorLmD
eldléammer Caemeu:

eeulil @uwsseilwiedleor (WwaevedlFlLiLig
SI600TL S S 60T SHDHMED LOMMT S| ([HSHESLD 6T60TIHITLD
oM Geurip.
NedT6u(HLD

T(bSHIHSHML (h&6W6IT LD

& &IGeurD.

. e waemeuulasrer eubB,
dnfla CrIsHed gGHRISHE 6Ll SHHDEmeD
Buhs GeflféHwenLHAma.

2. emamLGrm &Gemnifld SidledHems,
Gamquib emamLITHemen(bLer GFF&HELID

Gurg, Gesmqwib GGemmemI®D, BB
2 _meundmg.  Devellemeotuied  QeuLILID
eeaueflGumnSn&.

@eaelp HapeyseaflQb, GwMsHs

SHMed rmieudHledensd, Gweid @& (WHed
elFHiugCu siemw&Ens. eresfllenid, geor
LOM)ISEME0EF CIFWIEO(LP DM &6IT
&eflibs Brnens) &weded SmhaisnermeGeu
o _mlepd ALY
eflemeotufledr MDD  LOMHMPLD
(Waebel UL Cuwi siemwhsTald, Qeieemeor
HeoTevflFemsIINg [l peuSlevemed.  eT6uflenD
&eflibs BHdHES Qeuliu SHMEd EULPRISLILIHLD
Gung 218 gGLIHDS, SGTeus SDTHOLD
seotesfllFemawns  [Hlspeudlevemen, GogID
SHDDEMED  CIHMBLILISET CPeOld  [Hl& (oMM
Q&I (LI LD,

SiGTeUE

QalILSHemS
LOTMILD

Bemd GumeoBeu, G&migq.wib
&SCemmemI(h HWIFD HNEOTNH 6CEUILSHENS
2 _mepd emamCrm &Germflé Sibleom&eayLw,
Gemquib DD ITSHENEDLMSHED LOTNI6US)
Bebemed. HETTEL  SHMHMEMEd  CULPTRISILLD

b5 6FW6D (pemMemIL [HEBLPE QIFIILI(LOLG UIT ).



Be6ueunprest SwihHemns SlenLieuhiSearledBHEl,
dled 6FWED (PeMMSEBET HeoTEv lFMEFUWIMHEYLD,
dle0  QFWEd (PEMDM&BET  H6OTev | FEMEFWIHMID
Cuoaid e QFWIEWWEDDHET QEHSHILNILL
Hensulled LD HHpeusHTsS SHemLo&6dTmeoT
ae0T  Slw  WuEADE. QG SOl
eflemeoruieor [HlHQD  HeoTemwemwl  elenss
B&HG el Quibselwe @mesorLmb el
GemeuLiLIbHDE.

7.10.1 eeuiu BSuisseflwedleor @mevorLmb
eflglufleor LeLGeUM) FonDMIGH6IT:

eTeorL_Gmmi

eauliu Bwissewiedleor @resorLmbeid)

"eredt Grma TETMEMLPESBLILIGBLD LOMHMIGLON(H
AP SLILIGSHISDE.

aeoTLg QU  Siemiolidleor
CPEV&HIn MISETI0  QQMRISDHD  HEOTEMLOEHI
sietedlplo eeulil @uisseilwed Hleme&FamTL.
Syeotmed eredrGrmuiluflesr eeuliL Suwis&HeNwied

Flemed&F &I 6mL
ereorL_ G

EUEDTWIEDDIINEITE U6  OFWed(pemmUiler
elemeneuned ermUbLD eTeor Gl MHM&Hens
sMmSHIHL QsnaTHng. 60T EUEDTUIEND
HledTeuBLOMm)

ereoT_Grmilenmmi:

el Suissewedenr SmevorLmiD
el FHlemw ereor_Grmil euruileons G 60D,

SiMeUE) "@@g,a'nsuﬂésm& E1FWIEL(LPEmM
Beburs, @ sfss Siemwolider
ereoT_ Gl siflsflSHMG).

eumysaer eXlifleuemLged GuTedtm e e&FuwIed
WPEDD&EDEHS
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i.e. AS > AS

SIETOTLLD

+ AS

SiemioliL &lped

2 meHe  Gumedrm e

1 F WL EMM & (ETH&H &,

ueofléaLLg

AS =

siemoly

- ASype

AS =0

e&Hevel60T — LNemmhi& &nmm):

Q@ &FHMIF asWwed (Wemmuiled, gL meor
Qeulil cpesSledlphal eeulLSemns 2 mlehd
sieealIusHeT @ UGHeow Geflibns
Hemeoulepierer  cOSIH DG  LOTHMITLOED,
wweagmw  Geusmeowns
BuibHIHSement Q. 6UMIDSHS SUIOTE. 6(H
Anhs, 2 mmiueupn SuhHIsSHeTned &nl
ABNHG BMbSSLIULL eleulll 2 emerfl 1qemeot

LOMMHM&H&n1q LI

100% GeuemeoILIma LoMMHM (LPIG WITE). 6TE0TLIENS

el Buissewed @nevorLmb el

e &H M.

Wempenmuied O1FWeOLIGLD 6@ Gl6uLiL
Buibdlnsdlent Fpevrnenrs , Sibd SwibSmbd
11Y:) 8m GleuLILFl6m 608 (6Th & &lemL BLLI
e FWeLLbH D BT SieUMHemMm LG
UTMISE SiewHDG 6TeTUenS SHMTGeorT
(Carnot) eeuiu @uihdoraisenst LHMIW

SH60T8) SIeNl6dT CLPEOLD &6ToTL MBS .

. eFLWnULL Geuemed
lmedr = . -
2_nlepsFluL L e\euLILD
9] —a.
’]"l:
4
qy - gsLITe0T GleuLiL

e SHH0[HHE 2 MlEehFLILL L Gl6uLILILD

q. - &eflibs Hlemeouleyersr

e HH NG LMHOULL L 6\6euIuLD



Q@ WeT&HHMIE OEFLIEPEDDEES

As(aedurub) = Asasmwﬂu + AS@@G’D_ 0
Asamwﬂq = AS@Q&)
9 _ 9
Th Tc
T _-a
T, q,
T
—< = b ___ -7.28
T, ‘qh‘
FLoeoTUNM(h 7.27 6 7.28 & UipSHlull
SN=l-—S—————— 7.29
n T
T, >> TC
ereor@eu, n < 1
Buindlrsdlerr Fmewmenr  FHelldlsH5H 560

Ueoreuponm) SOILLILLLGSDE.

T
:[1——6]x100
Th

BusGFHmet
F56eN5ID

Sermdlwev snnmi:

abd Qb Ceuemeouwld OFULILIMOED,

Geflihs eeuiu  cpeSIHledmh), gL meor

ealll  cpesHFnE, 6euluHms  LMHM
(WPIQUITE.
Heo0TdH& 7.10

&b Seoflwirhiel G Ly

anser Suibdrsse, au Grmed 816° C
eeuliublemeouied  erflsSLLGbEDE.  gLpedleoT

eaiuflene 21°C e QmeswBuns
Buwib FHir &l ot siFleuLs Smemeot
HE00THE (.
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girey
BubGH et [Th -T ]
. < [%x100
F56151D

h
&

T, = 816+273= 1089 K;

T = 21+273= 294K

BuiseFmeot
F5615LD

1089 —294 % 100
1089

BuisGHmedr §868HD = 73%

e
S0t 1Seh &@:@
5) 127°C  wpmip  47°C  gpdw
Qeuliurfleme & @pdadH emL G uw

eFWELGLD @M Subdmd o wiFeeuli
weosSleOlmha @M GOILILL ety
Omemed 2 Bleh&Eng. 2 mmiedeor
apeold 6y SpOmed Solyd  Sebeons
Hlemeouled QuihHasHleor siFlsuls FH6lis
Buwss5HMNeneTdH &60016HH (hd.

660t BrmiiuledT o160 G&H6T:

ereor_Grmdl (S) eredrugl LrfliommrinL
eeulu  gpomemed  (q),
(T) euesHs &HewLUug  pG.creorG6
ereor_Grmudedr Sl o160 J K.

e eulILBlemeDWITeD

QIRRISDM SHEOTEMID LOMHMID SH60TEU 1F6MES
5H60T6mLD

uelldaslly 2 (&S, B Speunged

Gumedtm &HEUEDTLONS

SIS
QRSO  SeoTemlo  AiFl&fllLens Sl
wudngl. ueflésliquied BT cpeodan miser

C1FWIED(LPEMM & 6M6IT

Gungy, Sie)eUemLOLIL 60T

SileH QIQMIGLET FnlqUl LGS SiemLoLied
O _eTenSMed, SieUeUEMIOLIL|  CLPEDEEn MISe6r 60T
dml HeIeYSEHHS WL GG AIOHSSEDE.
ueolléaLlly & &L Gung, BT cpe0dsn miseT
QRMmIsHD Henesd 61F6dElermerr Goaib



FH HLLOD HeOTEMOWL 60T HBTEH6OTMEDT.
BioBleneouiled SLLHD HEBIHD  HEOTEWLD
aiflsflsdng, pelflemeouies @& Coeid
asifefesdng. owreug ueflldslly BIMs
2 @D Gunglb, Sibeod BT Speflwn@n
Gurgid, B cpesenmsafiledr RRISHD
H60TemLo JNF&flSBEDE)| 6T60T HTLD BGHEWEDT FnD
(Wwiguip. euefip HaPeYSHEHLD H6oTevlIF6mE
EFWID(PEMMBETTGLD.  FOFWE(LPenME6Tled
&(RMISBMHD HeoTemio (61601 CmLil) sifl&fléSm &,

ereoT_ Gl sidlsifl&Em &I

N N -i"u-l

e

U & $levoriold Floeud eumuy
ULID7.8 Q(QMI&DDSHETEmONH Sl HH0 —
eflem&&LILILLD

L eteor_Gom wrHmid (AS?):

seoflFal aeuliuflemed (0K)&@ Goed
6hS QI eeulILBlemeuleIDd 6 SiemioLidleoT
9 _eooTemowineor  ereorGomll  w&lldlemeord
seoorLmliwl wiepd. 298K ommo 1 bar
Si(p5s Hlemeoulled & eunperfler  Heofl
ereoL Gl opevrs iFCsILGHHe0T S
(%)
QT e0TeIq 60T leulil @uwidbsedlled eLPedTMITLD
eflFlesnerr & dMletTlly I &eDPOUTLDD
ugs seoflsdlenr seofl ereorGrm &y

ereoTGomdl TEOTMEMLPESLILIbEM G-

seoflgsfl  eeuliufblemeoulled  (0K) ol pd
haBwon@b.  seflFssl  aeulublenesHd
Gwed 6ThS eeaulILBlemeuileib

siementHg Gawrusefler Sl ereorGrmul
wHOSEBD erliGungid CrieH wHllenus
61&ITE00TLY. (HEELD. elemeoruiled FF(bLI(bLD

235

LevGeum) Gamoriserfleor ereorL_Gmml
wéHlysefledmhg, elemeoruledr ereorGmmi

IHDSens (AS?) SevoréEL. (Iquib.

2 0

aﬂswmu(buaun@l_asm

IRy

AS! =
elemevTelemaIEILIM(HL-&6iT

FHLL & _peunged ereorLGmmid :
"5]|._|_ @@

Guwned Gafwid, iH6edT HevfloraiserfledHbHal
LD

9 _(HEUMSH6D

1Flem e emLo H6rfled,
2 _meun@LGung) ereoTL_Grrmidl
rHmw, L
60T QUEDTWMNISSILGEADE. 88
SMI&SLLIGIDE. Sevfloriserfleor
() whliysaeicbs
oG  GsiwsHen
eTeoTLGomilemwis SHe00THEIL (LPLG.U|LD.

ereoT_CGomi

0
ASE
6T 60T
FlLL  ereorGomil
Q&BMbSHHLILL (beTerT

&H60015HE 7.6

C(s)+0,(g)>CO,(g) @euelemevrulieot
FILL ereor@rmil wMIHMHemSH HevoTSHH (bS.
CO,(g).C(s),0,(g) pdweupmleor Sl L
ereor_Gomll wdllyser (pwemmGw 213.6 ,5.740,
Hmib 205 JK1.

C(g) + O,(g)—> CO,(g)

ASS = 2 Sgﬁlsuasmsﬁ]smmﬂaun@llazm 2 sGﬁlSlDGUTLI(bIJQLIH(I’_T)L&GT
AS? = {SOCOZ} - {Sg + S(())z}

AS] =213.6—[5.74+205]

AS! =213.6—[210.74]

AS) =286 JK™
Heoto &N ﬁ@;‘f
6). up efluim Brmm UGLILEDL b

s1bGwreflwn wHm Beord SHADG.
Be6uelemevrulledr FlLL
IHMSHNS HE0SHEbS. wpflwm, , H,0 ,
CO,, NH, apdlweumnileor Sl ereorGrml
wdliyser wPemmGw 173.8, 70, 2135
wHmib 192.5 ] mol ! KL

ereorL_Grmmil



Blem 6D 6mLD oMM Mk &erfleor ereorL_Gmmi

LOMMMIBIGET :

QO Hlevorob BILOLMSEH (2 HSSHED),
Q@ HIwbd welwnsesd (elwnsed), 6
Hlevorold PpeflNGed (LUSMHISOIHED) &
eFwWwev(pemm&erfleot GLimg) eTedt-Eomiil LombmLd
Hapdngl. @owrhmiiserfleor Gung metorh
HlemevemwosEho  Fwbhlemeoulled SpLLsTed
@wrhmsHener a1 (pemmuled, LIMT
eeuliuflemeoulled Hl&DSHSHE0MLD.
AH

rev

T

AS = dier
T

®_(H&Hev ereor_Grmyl:

210} Giomed Flevoriold, 315 60T
2 _m&GHlemeouieD, LS eir (wemmuled
2 m&WLeung) 2_nflep&LILIhID GleuLILID

GmeonT 2 [(Hr&SH6L GeUILD eTeuTLILIGbEMD &I
85 egwed(pemm&EEHmer eredT@Grmll mHmLD
2 _(h&H6D 6Te0TL Byl 6T60TLILI(bLD.

AS . dq rev
T
AH. .
AS fusion = Tfuswﬂ _______ (7 . 32)

JOAATG:)) Hf eTe0TLIg| Gomeon] 2 ([HE&SH6eL
@6ulILILD. Tf eTE0TLIS 2 (H&SHlemev.

Syelwinged ereorGmmLl:

(210} Guomed Slrau, S5 60T
eandlhleneouled, e (pemmuled Syeflwim@Ld
Gumgl 2 nlepsliuepd Qeulud  Gomeomy
el6uLILILD

Syeflinged eTeuTLILh MG

BFaswe(WpemmEEHnerT  eTeorGrmiommmid

Syeflwingeo eredT Gl eTevTLILI(hLD.
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nE AH,
peflwnged eleuliLp, T, eretTug) &Sl Hleneo

ereotLg  Gomeomy

UnGeummienio 6uq.6UDTMISHED eTeoTLGrmLil:

W) Glomed &\ 600TLOLD, D18 60T
ynGeupmienio euqeuonm| eeuliLflemeouileD,
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eulq 1S HOlabH S LHODTETBIHE

LMHOWeNLWD GUTE DG QeULILLDTHMLD
Gumeony UnGeunmiemio 6UIq6UDMM)] G6ULILILD
eTeoTLILIbEM G- BF65W6D(PemMEHEITE0T
UmGeummiemio
6UIq QULDTM)ISHEV eTeoTL Gl eTeuTLILI(bEM &

ereorL_Gmmiy LOMMHMLD
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ereougl  Guomeomy

UmGeunmienio eulgeuomm| QeulILElemneD.
&H600THE 7.7
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Bore o ®BEWLCuTs MHewd ererGmmi
LMD &M
Gomeoni 2_H&sed eauliw gy 6008 ] mol!

HeoTHS(bdH.  LeofldasL1quieor

siey;

AH, gese = 6008 Jmol™
T,=0°C=273K
273K

H,0(S) —ZX 5 H,0 (1)
AH

_ 2_BESH
AS&@@Q@ - T
f
6008
Pevess =373
ASy messd = 22.007 ] K™ mole™
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7.11&060 sLI1q60m SHHMed (G)
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SHDMEONSH HHSLILGEMDEI. C6ULILID 6T6dTLS| 6H QUPIFSFTIL Sp&SLD. AaulILSH 6ot S| 160G 396D (J).

Geuemed (W) eXlems (F), wpmid &L U1 eLwF&ulledn(x). OLBHSSS FTens Geuemeo —w = F.dx ereor
UMIWMNISSLILGIDE. Geuemeowineors g2e0&H6fled ensHsLLbEDG. FTeus Geuemeoulleor
Sl s1e0® g2 (J), R aunyeier alifloienLGHed Sie0e0s F(HHIGH Bl Gumg aFLWIILIGLD
Geuemeowimenrg w=—PAV erenild OBMLTL6m60TE 618 TE00T(H HE0OSHEILLILIbEMDE.

eeuliub wHMID Beuemeouledr GHUIL (b HemL(LPEOD:

"y

SiemioLifeoTmed euliLb 2 mleh&liLpd Gung :+q
SiemLINedl & eeulin aeueaflGumio Gurgl : —q

siemLliieormed Geuemep QFLILINLGLD Gurg @ -w

p 0N

siemLolifedr 158 Geuemed QFLIWILILIGL Gurg : +w

eeuliu Quisseiled elFlser:
IheeflwienSl:

@nevory QeueuGeum Qeulil  [flemeoserflapeen SiemLILS6ET SHeoflSHSHeoflins  epesTmmD
SiemLLL 60T 66Ul & Hlemeouled SphHamed ,Sihd [ AMWLSHEHD SHhiHEHHS6T 66Ul
gwhlemeoulled HSHSLD.

WwaevellSl:

SHDHDEMED SHp&HSHEEUT SV SHPSHHEEUT (LIGUITE], SH60TTED (H CUEDSHWITET SHDMEMED
LOHEOMIT(H 6UEMS SHDHMEONS MMM (Wb, U=q+w
areorenedlll eretTLFH QB QaulL Buisbseiuied L6t p@b. erenrgmeolll H ereitug o1& Spmmed
LOOHMID SIRSHSLD SHevTSi6ene) Geuemen 6T6dT euedTWMIGHSLILGADGE. H=U+PAV. eretrgmevlll omHmLd
AH=AU+AngRT
eameveid:

LDTMNS SHEUTSIEN6Y DAV DTS H(PSSHSHe0 H ellemert eH Liquied Hl&pHSTEM
Si6bedG LD LIgsefled [HlaphanGeon, 560t Spmbu womib Smidlleneodst wrmmSlLiileor,
sieuelemeotudleor ewondd ereordmevldl wELLY MMMWed SHHGSGWD. eTeoTHMeLl WHlllemu Siemail

244



&HIQ.60TLOMS 2_6iTa 6lemeiTHEhHdHG 6lemen eXldlemuill LWeiTUbSHS &600TéEIL 6DILD.
eeulu enys Hmerrsen( Cp ommid C, ):

& GHUILL aailubBleneuie, @Ied Hlemmujetar aumwafledr QeuliL Hemeenil, 6H G &lifl
2 wTSHs CoHemeuliLpbld QeULILISH 60T SieTeUTe0TS SiGE0T Q6ULiLl gMLSS M60T 6TeuTLILIbEHMEI. Sems
@nevorh eleueuGeum) HILIbHSEmeTSH6rfl6bd Si6MEHS(LPLG LD,

(21) IDNBSIRSSSSe0 Co=(dH/dT),
(=) orprgseotsienaied C,,=(dU/dT),,

eeuliu Quissewiedeor @mevorLmpeld

Q@ ellemenr Hl&H(QLON, SV HHPTHT ereiTLenS Qaull Suisseilwieder @metormb
eflflseooll&ding, Goeid GeulLbumub Slenssememuyd s nFng. eleneruller georefllsens
Seoremoemll 6Xlenss eredrLGrmll (S) eTemd HEODIH Hleweogsmienu AHMB(PSLILIGSSHIHDG.
eTeOT Bl eTebTLS (B SEMILINET QErRISHD SHEoTEMLD SieDedd ETHM SHEoTEMLOEMI Siemedl(hld
LI6OOTLIMGLD.

eTeoT Gl &nmmy):

QM HeoTaflFems 6FWe (wemm HHWLEUTE, QI leurLsHler ewnss ererl Gl
aFlsf&EHng.
e&Hevel60T — LNemMhi& &nmm):

QM &DHMIF aFwe (emmulle, gGLMeT 6Geull cesHdlmHe aulusHens 2 mlepsd
SieIeeIILSH T QI UGHemw Geflihg Hlemeouleerar cpOSHHNE LOTHMITOED, (LP(LREUSID
GeuemedILIna MMM lq Ul QUWIHSHITSHSH 6060 61l 6UEMDSHS G0N S
Hermalulei snnmy:

61hg Geuemeow|d EFWILIMLDED, G6flThg G16ULILl LRSS OHHSI, gL TeT Qlaulil cpe0SHSINE,
QeallILSEMS HLS5S (PIGWITE).

&llev &L 1q60m SpmHMed (G):

&ilev sl iqeom pmmed G = H - TS eteor rILUILLLGADS). @@ 6&wed (pemmulledr &llien
&L1q6e0m SpMmed rmmd AG =AH - TAS .

L sL1960M SHHMED LIHDLD LHMILD &Lolemen mmledl&eT NedTauBLOMn| OSTLILLbGSSLILIGED .
0 _
AG® = -RTIn K,

cwedTmmd el
sevfllyedlul eeuiufleneouled @ GSePOUTLDHD Huwl Lg&SSHler ereorCrmil gl
I e8I,
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LDQC)]IJIS(_I) L o

giflwneor eflemLemwd O\FIfley O\FILIS.
. LAMTS QeuliLFlemeD HMID H(PSSSHHE0 gLl 60T Liflomilés ameTenliLbld QleuLILSSe0T Siemey
&) AE 2) AH @) AS ) AG

. Bupemsuled HlE QD SieMEITSHE| 1FWIE(LPENMSEBLD FHlemaulled mL &HHe0Tm60T.

1. eredr_ Gl Gemmid 3. ereorameLldl o1l sIflé @D

8. sLliqem SyHmed SiflsIflEHGLD od &L1q.60I SHDMED &6MMIU|LD
. @euliLd oo aFLIeWenmUiled LI60T6)(HEEITEUD M6 678 2 _6T0T6mLD?

) q=w 2)q=0 @)AE =q ) PAV=0
. & e aFweemmuiled ietorL SHleor eredtGrmidl ommHmLd

a1 >0 . >0 &.<0 .= 0

. 6(H HELEOILIEDL| UMl GleuLILID MM (ewmuiled eflifleuemnL H6dl6d

Sw=-Au . w=Au+AH & Au=0 . w=0

. edTeu(BLD SieTeli(haerfleb GILIM(THEBOTEmLOETIIT LIGGOTL
al. flemm ). HEVTSIETEY 8. eretimevL] od __Beon
&HEOTSI6IEY

. 300 K eeuiuBleneouied 1 x 107> miseoraereledmha 1 x 107> m? sersiemelng 1x10°Nm?
SIGTEYETEI LOMDIT SH(RSHSHSH6V 6([H HevedlwtebL] eurw] eXlifleuemLujd Gumgy gL L. Geusmeoudeor
Sieey

& -900] 4. 900 kJ 8.270k] . — 900 kJ

. 6TflEHed QeI eTLIOILIM(QEID

1. Cri@n HL 2 _enLwig) 3. T HIGM HLILY 2_emL W)
8. oeflunb . CrIen oiebeng erHIGn wWwH 2 _emLws)

CO womio CO, gydlweunnieor 2 Heunged eleulil wHllser wemmGuwi -26.4 kCal wmHmud
-94kCal, snyuedt GomeoTméemenlq.edr 6rflded eeulil oSl

31+ 26.4 kcal - 67.6 kcal &.- 120.6 kcal . + 52.8 kcal
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10.

11.

12.

13.

14.

15.

16.

C(emeurid) > C(&nmssemuL), AH erdlr@mlyenLwig & Sollifbeus)
3. MEUTSHEDS XL HTM6MLIL P& [FlemEDLIL|SHE0TEMLOC\SITETOTL &)
3. MEUTSHMSHENL ST 6WLIL. P& SHMMEW6D C\SHTETOT(HETETE.

8. @revorhid FLoIHlemedLILS HEOTEMLD C\HTETTL 6M6U

. [HlemeoliLsseoTemioemw [HliTevotulses Quieons)

AL O, wmmo Cr,0, Sydleunnleor 2_heungeb ereorgmedLdl LogllL&er penmGu —1596 kJ mmib
— 1134 kJ, erenfled 2Al + Cr,0, > 2Cr + Al O, ereoth elementés® AH ogliy

o1 - 1365 k] 2. 2730 K] 8. - 2730k] - 462 kJ
HledTeu(pheuetTeUDMIET 675 el Suisseilied Sl Si6d60?

Sl SBSAHMHMEL 8y  ereorgmeLdl

8. ereor_Gomil IF. 2_gmile)y SHMHMmed

QU cpwl seefledem Gomed siGomeflwum wHmid @ Gore enaml TR &Gemmenmb
&H0&BUILUL(H SiCwneflld GCemmemmdp 2 _(HeundsLulLmed  Seueiemeoruied

a1. AH > AU . AH-AU=0 @& AH + AU=0 . AH < AU

o emwlifler g 4k]serey Geuemer GFLWILILGSADE, Goed 1 kjsiere euliLiomers
siemLifeormed GeueflGUDODLILGEHME 6T6vfled, 1% SpHMEdlEd EMLIHLD LOMDHMLD

al. +1kJ . - 5KkJ @.+3KkJ /. — 3 k]
259 C Coauliuflemeouiled, Himba (waemeuuied 2_dren smamlGom &Ganmiflé sifleod gL 6T, 55.85
&amb Spioy ( Gomeontt Hlewm 55.85 Hpmid Gomed—1) elemeotLiL (b AeueflGWMmID emenLTeedT

eumujeXleotmed FLWILILLL. Geuemed

a1 - 2.48K] . —2.22 k] 8. +222Kk] FF. + 2.48 k]

2 GumedaeT mHedEdIWE QIerm eumyemey oM Sidssdled 125° C eflmba 25° C &&

GefiTeNs@oGuTsd  AHeor  wdliy [Q&n(bé’:ﬁzl:luﬁl_gj C, =§R]

al.-250R . - 500 R &.500 R . + 250 R
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17 . C(g) + O, (g) » CO, (g) AH? = - a kJ; 2 CO(g) + O,(g) > 2CO,(g) AH® = -b kJ; erevfled
C(g) + 10,(g) > CO(g) erédim eflemevrés® AH ol
b+2a 2a—b b-2a

3. . _ . [T.
5 3. 2a-b @ 5 5

18.0°C @euiuflemed HmId latm pssdHdHled 15.68L WBHCHedT wHMID LILIGUET SH60HS
aIM&HSHemaNeDI!  (WHPIIOTS  6flss, SiCsHeail  SipsshHeneoulsd 32L  oséerdleger
GaemauliLbEng), eTerflled &b eflaed elemeoruied AeuaflliLpd AeuliLGHeor ierey k] Sie0dleb.

1. - 889 k] . — 1390 kJ @. - 3180 kJ FF. — 653.66 k]

19. 158Bse60t HMID FrF&BH60T S Bweumnniledt emevori NemdsHed SpHmedaET (WemmBGul, 360 kJ mol!
wHmIb 620 k] mol! erevfled C-C gmemm LNemevoridedr Liemdsed SpHmed.

31. 170 k] mol! 2. 50 k] mol! @. 80 k] mol™! 220 kJ mol™!

20.916m6e0T5H 8| 6\aULILIHeneSHETIID, 6([H HeoTevflFensiineor 6Xleneotsd Sifliimeor eeuliL
Buwisseilwed I 360 60T &H6IT

a1 AH < 0 opmb AS >0
. AH < 0 ommio AS < 0
@. AH > 0wmmib AS =0
m AH > 0 wpmib AS >0
21. @ Siemiolifeor QeuliLblemen LNedTeuHD _ 60 GMMEME.
3l eealuflened M eXlifleuemL &H6d
). GuLILElEm6d LMD Sr(IHEIEGS6D
8. aeuliub o efifleuemL&Hed
FF.  616ULILILD LOMMIT &(HElESHSH6D

22. @ mevedlwedy eumuedledr eeuliLiflemed LMD WeTaHhRIGSHED aFwexwemnuied, q, AS wHMID W
SpFweunmlerr GSHl&HeT (WemdmELL

3+, —, — 3. -+, — 8.+ -, + F. —, — +

23. @ Hoeusdleor Guomeony Syelwnged eeuid 4.8 k] mol'l. sgedr et Grmil wmHmH wHIIY
16 ] K~! mol-lerevfled oibg Hoeusdleor a\snslbHlened

21.323K 2.27°C ®. 164K /. 0.3 K
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24. YetTeu(BLo elementaearfled 18 SiFlesULE eredT Gl LIHMHSHEWS ESHTETOTI(HEBGSD?

1. Ca(S) + % 0,(g) > CaO(S)
2. C(S) + 0,(g) > CO,(g)
&.N,(g) + O,(g) » 2NO(g)

/. CaCO5(S) > CaO(S) + CO,(g)

25. @ GO L eflemeoruliedr AH opmib AS wdliyser (emn@uw 30 kJ mol ! iopmib 100 JK 'mol !
erevflev , 6Th3 GleULILIHEnE05HE GLoed 6XlemeuTIINEDTS) H60T6u | FEmEWINS HlS(LRLD.

&1.300 K 230K 8. 100K . 200 C
II. Yedteu(pLD 6l60TMHSHEHHE Fr(HHILOMHENemL Wier]
26. eaulL uis&eiledler (WeHed elFleni &nm.
27. 6@meerdledr 16ULILID LOMMIT Snl L 6D elSlemiLl euemTIm).
28. QLIM(HECOTEMLOS T ListoTemL EI600T(h 6T(bSHEISH SHML(bSHEBHL 60T 6Xl6MSHES.
29. 9e0TEU(BLD CIEFTDHSHEMET CUEDTUIN)|SHE:
1. QeuLILIBl6m6D LOMMIT EIFWIEHLOEDM S). 616ULILILD LOMMIT CIFUIE(LPEDM
8. 31PSHBID LMD AFWIE(LPEDD FF. &60T Si6IT6Y LOMMIT G1FUIED(LPEmM
30. ereoT_GrmiudledT EULPSHSLOM6DT 6UeMTWIENM 6T60T60T? 6T60TLCrmuilufledr Si60& eT60TenT?
31. Yetreu(pLd Hlemevserfled eXlement &L SHeoTemLoemIL HIT6voTUIISSELD.
i) AH wopmib AS 8revorpld Cri@n wglliemu aupmlhseELTg)
ii) AH wopmib AS @gevorhld erdlii & wélliemu aubmlmeeoEUTs)
iii) AH @emm&mg apeormed AS sidlaflsdns
32. &6 SL19.60 SHDDEMED EUEDTIM)].
33. eTifl56D 6TEOTSHMELLIEMILI UEMTWIM.
34. Gomeom 66Ul eDLSSMEIT 6UEDTWIM). SiH60T S6DE WINEI?
35. 2_evoredledr &Beormifl AL euemrm). HGeonif] 1T 1,607 S160G WiIng)?
36. IB(bIFlEMEDLLITESHED 6TEOTSHTEVLIEmI EUEDTUID)].
37. L9 &&8n(b SHMMED ETEITMITED 6TEIT60T?
38. [Hlemen&EMITLS6IT LOHMILD EULSIEEMTLSET 6T60TMITED 6T60T60T? E([H 6T(bSEHISHML(bSHET SH([H.

39. eeuiu @uisseilwedler SmevorLibd eflFlulledr Q1&H6L6XN60T — LNeNTRIS &nDHEMD &nM)5.
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40. e elemeruiedr goflened M6 WL 10 eresfled AG et GBSk eredteor? Sisueflement
SetTev{lFemEWIns  [Hla(Lom?

41. Qb 6uedllemLoLll@ Sible0LD 6UEDIEMLOLSNEG SMTHSHTED HbBlEEOWIMSSLILILOGLITG| HbIEEDEILITES6D
G6ULILID 6 LMMIED): & DMISHG SHMTETOID SHTHS.

42. eeulill @uis&eNedledT cLpeoTDLD 6XlFHlemILl Fnm)l.

43. CaCl, 2_H6eunge61suWe(pemmné@ LMTer — Gamul smemm 615

44. edTeU(HEUEOTEUD M6 [Hl66D LOHMID CULSIEETITLSEmET SH60TL M.
3. eTedTSHMeLLY), 8. ereotL_ @), @. eeuliub, . eeuliublemen,
2 . Geuemen, Ser. HL1G.60M SHMHMED.

45. eauiu Quisseilwiedleor @mevorLmib eXlglulleor LebGeum) snMHMIGHEWET &n M.

46. He0TE0NIG6ME  COIFWID(IPEMMSBET — GTEOTMTED  6T60TEOT?  HEOTEUI IFemE  O\FUIEN(LPEDMEH(ETHEESHTE0T
HUbSHemeoTHEmET  FH(IH.

47. 2183 mmedledT AmLIwiedsemer eXlens&e.

48. umb sGeomflSLLfleb, MM Sevriemefled AeuLILID © I HeUTLILI(bHEmed E\GH6rleUTenT LIL S&iL 60T
leNé & 5.

49. eflifleuemL 6, LLHMILD Sr([HHIGSHD &I emDUedT GLITE) AFILILILILIGLD Geuemepem &HeTuTeHEI(hs.

50. v mebedlwedy eumuyein® AH &&b AUs@L QenLGuw 2 6tem OFTLIemL  eurHed.
SLOGOTUMLIQEUIETET  &eU6leuN([H 2 MmiledLwd  eflersds.

51. Gemauid GGemmewI(h LIGSHSHEN LigHsnh SHDMENED SHeUUISHH(bD LOEDDPS (PEDMEMLL
ellend & &.

52. &llieiv sL1q.60m pMHMEdlEdT AMLINIedLSemen eXlens&s.

53. 259C eeuliuBlemen HMID FTHMTE0TT H(SBHHSID, 2 GoMedSET HEvEdIwIedL| ey, LeTenmuieD,
wrom eeuliLfleneouied elifleuenLub@urg g6t sHeoraieney 500 ml el b 2L S TnIEDS
eTeufled, QFLILILILLL. CeuemedemlLl &H600TEH&(h.

54. senriene) MM &GeoMflLSLLIfleD, cLpe0sdan miblenm 28 O1&mevorL, 3.5 geunly Sigl&6mey S &Herdleedr
assdl, 298K  eeuliuflemeouied (orieions erflsslLlL g eflsed ellemeoruileoramrevorons
aGeomfl S Lflédr leuiLBlemeo 298K  eblpibag 298.45K &@& o wiihgietengl. sGeonfl LLT
ornfled) &l 2.5 k] K1 erevfled, eumujeNleor erflged eretrgmentdl odliiemu k] mol ' oieodled smevors .

55.77°C  eeuluBlemeouied o eten b SewwliNedlpha  33°C.  eeuuBleneouied 2 eier
SONIIDSSDS, 245 | SyDmed LMbEUTE), SHMLOLIL, SHHMIILMLD HMID SH6TITLSHSH6D eIhLIbLD
eTeor_@omdl  omHDrhiGemeT  HeooTSHE(h.
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56.

57

58

59.

60.

61.

62.

63.

4.1euerflloetore0 (1RSI, HMID GO L euliLifleneouied 2 _eiem 1 GLomed HedEOILISOL| eury,
3710] sppmemed 2_mlepd], 2L efifleuenL&ng. 8bs eflifleusmL sedleoTGuUNE) Hlsp ereorGrml
LOMMM &6W&H&H600THE(b.

ewm CGomed Gsmquib GCemmemmenL 2 _(H&HSH 30.4 k] Semey HHmed CHemauliLibEHS.
2 B&S60le0r Gug b eTedtGrmil wnHmb 28.4 JK~! mol ! evfled Gamquud @&Gemmemiriqedr

2 _(H&IHlemedeml  SHM600TS.

ymiGuenfledr H'L  erfleed eredramedldl w&ly —2220.2 kJ mol! .CO,(g) wmmo H,O()
b Hweunriledr HILL 2 Heunged eTeiamedlll HILGET (WemmGw—393.5 wHmib —285.8k] mol !

ereufled, UmliGuenfleotr L ©_(Heunged eTedramevldl dlliemL SHTeoors.

sngngevor QsMHlHlemed WOHMID FHL peNwinged erediFHTedLll HIILSH6T E1SBM(b&HSBLILIL(HETETEDT.

Elpanetor HreurhisEbdS peWnHed 66T GO wHlisener &Tetors.

S. No | freuib eendflene (°C) | AH (kJ mol™')
1. 6T &G 60TITED 78.4 +42.4
2. e\ mepiefieor 110.6 +35.2

1 .
1 atm o(pRéssdled Spansmid eflenardd Ag,0(s) > 2Ag(s)+5 0,(g)I AH = 30.56 k] mol™!
wHMID AS=6.66]K 'mol™! erevfled embd GleuliLBlemeouied AG wHy 1oefluions SbBHSLD
GT0TLEmS HeoTTHH(bS. (i) Sibd QeuliLBleneouied LHMID (i) b CEUlILBlenE&EE Speeneot

e Slemsemil SHmeooTs.

400K. eeuliublemeouled feoreugpd elemevtufledr soblemen onmiledl Keq oglliemu snetors.
2NOCI (g) O 2NO(g) + Cl,(g),

AH® = 77.2k] mol™!;

wHmid AS’=122JK~'mol .

sweotemoenL. (NH, CN) umb &Geomifl I5LLIfl6d, Siflseney spéedinesr asisd eflé@ibEUS)
apubd AU wdliy-742.4 k] mol!, ereor setorplwin’L g 298 K euliubleneoudied LNedTeudnio
elemeoulledr eredTHMELL LOMHMGEMS HEONSHE(h.

NH,CN(s) + % 0,(g) > N,(g) + CO, (g) + H,0(l) AH=?

Hetteumd Sreysefedlmha erddHledemen emam  TGarmmb eFwb eleneoruler erergmedLd
wgllemu &nevors. C-H, C-C, C=C wmmib H-H sl Nemevoriserfleor Lemevorii Spmmedseir
WemnBW 414,347,618 whmib 435 k] mol!
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64.

65.

66.

67.

68.

69.

70.

71.

eoreumio sreysafledlmhg CaCl, L &sS6or LIgs &n(b SHMMENED SHETTEHEID.

Ca (s)+Cl,(g) — CaCl,(s) AH{ = — 795 k] mol!

LISHISLOMSHED : Ca(s) — Ca(g) AH _ + 121 kJ mol™!

SiweoflLingeo : Ca(g) — Ca**(g) + 2e~ AH; _ + 2422 kJ mol !
e &&e0 : CL(g) — 2Cl(g) AH; =+ 242.8 k] mol !
6TED&LITMEOTHTLLLD :Cl(g) +e~— Cl (g) AHj = —355 kJ mol™!

QBM(bSSLILL(beTem Sreysafledlmnhagl Fe,0, + 3CO - 2Fe + 3CO, aflenevrulleor ereorgmenldl ommbm

w&HlemL HeoTSHE(HS.
3
2Fe + > O, > Fe,0; AH = 741 k]
1
C+50,-COAH=-137K
C+0,— CO,AH =-394.5K]

1750 C, @euluflemeouied 1-LieoremLement (A), SpebsHammed &eobd 4N KOH semmseiLeor
eflemeotiLibSGID Gungl, 1.3% 1-ewuettemLeor (A), 95.2% 2- 6ettemLedT (B) wpmub 3.5% 1,2
ewedTLmemLuedr (C) &evibg &hlemend seemeusmnl 2 eorLnéb@&dSng 175° C, esuliufleneouied

etteurld Foblemeosefleor AG? w&lliemu S6001&HE (bs.

BO A AG) =?

BO C AG? =7

33K eeulufleneouisd, gibug ss6figo N,O, Hengdng eeafled, sibg eeuliufleneouled, 1 atm

SN(R&HHSHSHL eDLDBLD FHILLSHLIGEM SHDMED LOMHMSHENS SH6TOTEHSEID.

SO, wHmib SO, Aweubrilesr HL 2_weunsed eredismeold wHlliser (peopp@u -297 kj mol!
1

HMID -396 k] mol L. erevfled SO, + 2 0, > SO, aflemevruileor H_L eTeoTHMEL LOFHILIEHL SHTETOTE.

298 K eeuliubleneouded :2A +B > C ellemeorufeor AH=400 ] mol’!

AS=0.2 JK! mol! ereofled eflement geirenfldemawins Hop GoHemeuwner 6eulILBEDEEmIL

& 6001 & &l (b &.

298K e@eulublemeouled eoteuhld eflementd@ Fwblemed Medl w&HllemU  HevorHE(ha.
2NH,(g) + CO,(g) O NH,CONH,(aq)+H,0(l) &n®pésiuL eeuiu Hleneuis eflemeoruileor
L sLligeom pbHmed wiHp AG? w&liy, -13.6 kJ mol L.

3.67 0ILLIT 6\&meiTene)y Q\smetorL 6T &&lededt mmiD L5&BH6T eumysaeoemeusmil, 25° C Commub 1
6ueIflLD60ITL 60 SH(RSHSSHSI6L (Lp(ReMOWITS 6Tflé@&D Cug) 6.11 L SMILeTemLWnSens(h 6UMLem6
2 _meuns&FmsE). enfleedleorGung eeusfliiLmd eeuliLGSHleor Siememeu k], Sie0Hled He001EHE (HS.
AH (CH,) = - 890 k] mol-1 wpmio AH (C,H,)= -1423 k] mol~!
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6T600T 6T600T
1. siqliuemnL. rmled&er 255
2. EULPSSLOMSLI LIWIETL(bSSLILIGLD S| (PeITOuTTL (h& 6T 255
3. 160G HEHHH ML G LOMHMLD CIFILIGHED 256
4. &leD 6UMIL|SHEHEHSHSHTE0T [Hlemeolomm) Lmmledlselr 256
5. &led UMY & & EHESHITE0T GUMEDITLIT 6UMeD6N LMIIed&He6T 257
6. dleo GamomiaEhsamer GumeonT aeulil ermLd $HlmeoTaer 258
7. FILL erfleHed eeuliub 258
8. dleo BaILOMISEHSHSME0T Aeulil QuISSHEAIED SHT6Y 6T 259
o. &I 2_Be0nd eMTemed(baH6rfleir LIl &H&Hgn.(b 6Te0THmeuLl 260
10. T 0D, FFT 600 LOMHMLD CLOCUSTD) CLPEDE: 8 MIB@EHESMeT Cp oM Cv wllyser | 260

elemL & @M &6l

1. 3160& — 1 Geudluiwiedledr SiqLILEDL & H(HSSHIHSHEBLD, Beudlé Hevo1SHS(HEEMLD 26!
12. 3i0G — 2 sign)eledr Geurnesor b SuisseNlied Sl 278
13. 3160 —3 SV ILOMRISEITI60T SpEUT HSHE0T EUMSLILIT(H 286
14. DG — 4 EMEUDLIT60T 289
15. SI60@ —5 ST LHMILD SHMTLO6voT 2 Beon&Hrkis6i 29!
16. 160G — 6 6un FlemeoemLo 293
17. DG — 7 66Ul Suwisaseluled 300

18. GomBameT HITeDs 6T 313

19. Q. &mM&emeh LD 314
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slqliLemL onmledl&er

S16uSML_BIm erevor N 6.022 x 103

i 1.660 x 1027 k
S a.Dm 8{60@ ‘.9'60605] amu (or) u &
QHEMLILGSSHLILLL SistnIblemn

eeflulletr Geusid c 2.997 x108 m 57!

i LILEDL L60TE6MLD D) 1.602 x 10719 C
6TeD&L_mMeufledT LO60TSr6mLD

e Lommled) h 6.626 x 1034 Js
eTe0&LmmevfledT [Hlemm m, 9.109 x 103! kg
yGumLLnevfledr Hlemm m, 1.672 x 10" kg
By mreofledr Hlemm m_ 1.674 x 10" kg
Guni S4mib a, 0.529 A

fileuié nmed R_ 1.097 x 10° cm!

8.314 JK! mol!

0.082 Latm K mol!
eumuy Lonfled) R 1.987 cal K’ mol!

62.36 L mmHg K'! mol!

83.14 L mbar K'! mol!

EULPSSLOMSLI LIWIEITL(hSSLILIGLD ST (LeiTa60TTL (h&6IT

femto | pico | nano | micro| milli | centi | deci | kilo | mega | giga

f p n n m c d k M G

10 [ 1012 | 102 | 10 | 103 | 102 | 10! | 103 | 10° 10°
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0GB EHSHHemL B LMHMLD OFLIGH6ED

1A
1 atm
1 atm
leV
IN
1]

1 cal

101 m

101.325 kPa
1.01325x 10° Jm™
1.60219 x 10 9]
1Jm!

107 erg

4.184]

1.01325x 10° N m™

= 760 Torr (mmHg)

= 10° dyne
= 1 Kg m? 572

SOILILL Fled eun&&En&snent Hlemeolonm) ommfledlser

BlemeoLomm) HlemenLomm) HlemeoLomm)
oUW S(PSSID &H60TIET6Y e euliLblemep
P_(atm) V_(cm® mol™) T. (K)
He 2.26 57.76 5.21
Ne 26.86 41.74 44.44
Ar 48.00 75.25 150.72
Kr 54.27 92.24 209.39
Xe 58.0 118.8 289.75
H, 12.8 64.99 33.23
N, 33.54 90.10 126.3
0, 50.14 78.0 154.8
Cl, 76.1 124 417.2
Br, 102 135 584
HCI 81.5 81.0 324.7
CO, 72.85 94.0 304.2
H,0 218.3 55.3 647.4
NH, 111.3 72.5 405.5
CH, 45.6 98.7 190.6
C,H, 50.50 124 283.1
C,H, 48.20 148 305.4
CeH, 48.6 260 562.7
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GSDIUYLL Fl6d 6UML&H S ETHSHEHITE0T 6UMED0TLIT 6UTEDEND LoMTiledl&6lT

auwi a (L2 bar mol?) b (L mol'!)
S0 Gomeofluim 4.225 0.0371
6\LI60T F 60T 18.24 0.1154
SMITLIEOT 6L SHSHeWE (b 3.64 0.04267
SMTU6T GLomeoTN&Hem&(h 1.505 0.03985
& Gemmfleor 6.579 0.05622
QS eSlwiLb 0.0346 0.0238
fansGa6T 24.71 0.1735
60 QUDL_IT 83607 0.2476 0.02661
emamLTe60r LGTmemLoh 4.51 0.04431
ML TR60T &BeTTemT(h 3.716 0.04081
M EDLTR60T FeD6mLI(h 4.49 0.04287
Qo &l 8.2 0.01696
156 &B&e0T 2.283 0.04278
emBLIfl& SpSHem&Dh 1.358 0.02789
60 [hL_IT 83607 1.37 0.0387
6MHLITRET WL SHSHEWE(h 5.354 0.04424
EMBLITEN Sh&EEMED 3.832 0.04415
5l 60 1.382 0.03186
FEOLIT 6WL SpHeW&(h 6.803 0.05636
1303 5.536 0.03049

257



SOILYLL deo GaTwraserfleor Gomedmy Gl6uLIL FDHUS HmedTSHe6i

C, m JK!mol?) Com U K-! mol!)
EUIMIL|& & 6IT
1DIhS EUMI|SEET 12.48 20.79
H, 20.44 28.82
N, 20.74 29.12
0, 20.95 29.36
Co, 28.46 37.11
SHTeurki&ei
H,0 - 75.29
CH,0H - 81.6
C,H;OH - 111.5
CeHg - 136.1
& 60oTLOMRISH 6T
C (emLLo60TL) - 6.11
Cu - 244.4
Fe - 25.1
Si0, - 44.4

AL aflzed @eutiid (AH,”, kJ mol ™)

156Gzt (g) = | -890 | erggermed (1) = | -1368
m&Gse0r () = | -1560 | odl'1qé Sudleoid = |-874
youGueor (g) = | -2220 | quebremuis sudleod | = | - 3227
My GLeir (g) | = | -2877 | ensGsmev = |-2802
eweor&eor (1) = |-3268 | &5Q@mmeiv = | -5645
ewggeorned (1) | = | - 726
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fleo Gamwomraisefleor Qleulil QuissHelwed STe6ysHeT

AHL (k] mol) | AG (k] mol!) S%(J K'! mol )
C (s, Hgmemul) 0 0 5.740
H,(g) 0 0 130.684
N,(g) 0 0 191.61
0,(g) 0 0 205.138
Cl,(g) 0 0 223.07
Ag(s) 0 0 42.55
Cu(s) 0 0 33.150
Au(s) 0 0 47.40
Fe(s) 0 0 27.28
Zinc(s) 0 0 41.63
C(s, EmLLD6GOTL) 1.895 2.900 2.377
CO(g) -110.53 -137.17 197.67
CO2(g) -395.51 -394.36 213.74
HCI(g) -92.31 -95.30 186.91
H,0(1) -285.83 -237.13 69.91
H,0(g) -241.82 -228.57 188.83
NH,(g) -46.11 -16.45 192.45
B&Ca6 (g) -74.81 -50.72 186.26
m5Ga6r (g) -84.68 -32.82 229.60
LTOGUeT (g) 20.42 62.78 267.04
Ny " GLeir (g) -126.15 -17.03 310.23
ouesr&eit (1) 49.0 124.3 173.3
Qwgseomed (1) -238.66 -166.27 126.8
ergseommed (1) -277.69 -174.78 160.7
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&M 2_Geons anmened(ha6rfler L &H&sen h erersmell (-AH? Lattice, k] mol!)

F Cl Br I
Li 1022 846 800 744
Na 902 771 733 684
K 801 701 670 629

Rb 767 675 647 609

Cs 716 645 619 585

QUET), FTED)I HDID APEUTT APED&En DG EhSSTeT C ) HOID C, SlLiL|sel

Cy wdliy Cpwdliy (C, = R+Cy)
QUETDI Uy %R ;R
FHTEI0) euuy gR gR
CPEUETD) 6uIMLY gR gR
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31e0&H- 1

|
Ceudluwiedledr SiqliLemLS S([HSHEISS6T HMID Ceudld &HevoTSHSbEET
&60T S :
1. (i) seoflod - &miug sl,eeuerefld S (b
(ii) Gamwowb - S15&6mI, 6UTENED QUG BT, HMTL6T 6mL. h&HEW6N (b, FTSHTTE00T 2 LI,

TBIT &LIGHE060T 2_(TH600T6mL &6

(iii) sepemeu - sLed B

2. () CHOH : (2x12)+GxD)+(1x16)+(1x1) = 46g
(i) KMnO, : (1x39)+(1x55)+(4x16) = 158 g
(iii) K,Cr,0, : (2x39)+(2x52)+(7x16) = 294 ¢
(iv) C,H,,0,, : (12x12)+(22x 1) + (11 x 16) = 342¢

3. (o1) m&Gaevfledr Gomeomi Hlemm C,H, = (2 x 12)+ (6 x 1) = 30 g mol™!
n = Hlewm / Gmeon Hlewm =9 g/ 30 g mol! = 0.3 mole
(2)
273 Kwopmib 1 atm S1(1068558led 1 GLomed 6| SHemL 518 C\STETEDHLD &H6or Sianey 22.4 L
ereor@eu , 273 K opmid 3 atm S(QR$SS5SHe0 224 ml He0rT SieTemEU AWML SHFIH CSHTETEIBLD
Sy &erdlgeufledr GuomevserfledT erevoreoflsHeme

_ 1 mole %0224 L% 273K X 3 atm

273K Xx1latm x22.4L

= 0.03 mole
1 Gumed spdbedigeniled 6.022 x 102° apendanmiseT 2_aTareot.

0.03 Gumed SpdHedigeniled = 6.022 x 1023 x 0.03
=1.807 x 10%? 2456010607 cLPe0&HEn MISHET 2_6T6T6DT.

4. (21) 2_Geonaggler Hlewm = 0.456 g
2 _Beons &CGemmemmiq.eor Hlewm = 0.606 g
0.456 g 2_Geonsonenrg) 0.15 g GGenmifleniL 601 E6m6T0THSHI6TEN &l.

0'4556 x35.5 =107.92geq’l.

35.5 g &CenmifleniL 61 emevoru|d 2 GeonsHGHler [Flemdm

(o) A &etlgGeorhm ellemestliOLINHerfledr someor Hlemm
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Gomeony Hlemm

1 Gomed oy &&lgGeormiluimed
aM&HSLILLL 6T60SHLTTE0TSH6rfl60T
Gomev&erfleor 6r6v0T600f1&H6M &

B 292.2 g mol™
6 eqmol™
= 48.7 g eq’
&LIL| TN 6T l60T
55685 6T600T600 | HEm S =
H60flLoLd Sevu] Sigon)| [Hlemm s56851D ererflil eXlHHLD
i) Hlewn
54.55 % 12 54.55/12 = 4.55 455/227=2
H 9.09 % 1 9.09/1=9.09 9.09/227=4
36.36 % 16 36.36/16 = 2.27 2.27/2.27 =1
ererflw ellély euminiune (C,H,0)
&LIL| TN 861 l60T igo0)| [Hlewm =
P &Q’)Gﬁg) 6T600T600 1 H6m S = a:g)gﬁg)ﬁ) ereflwl
? Semwi &56H5I0 Qi sgnibsaildr | eldsID
ig00)| Hlemm 6T600T600f1 5608
32 % 2 16 4
Y 24 % 1 24 2
44 % 0.5 88 1

ereflwu elléls eumiiiune (X, Y, Z)
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HeouTHSILLILL L ereflw efléls
eumuiumL @ Hleom
= (16x14 ) + (24x 2) + 88

64 + 48 + 88 = 200
Gomeor Hlemm

n = &H600THAILLILL L ererflw
&g eumiiunLp Hleom
400
200
= 2
CLPEO&ER M) EUMLILILIME (X4Y2Z)2 = X.Y,7Z,
7.
QUIN(BEITL & &LD eflemenTLI(h elemeorelemen
QIMTHEIT Qe
X y l m
Geud) alemenrssn m eX&ls &e6ooTHLD 2 3 4 1
8 15 - -

eflemeotLflw Sign)0HlSsLILbLD Gomedsarfleor
6T 6001600118 6M &

eflemeoTUL L 6Xl6m6uTLI(h OILMIHL &6 LoMHMILD
2 _(peunent eXlementelemen GILIMHL SHerfleor 8 12 16 4
Gomevserfledt 6TevoTE00fSHEMS

ellemeotfling eflemeotLich OUNIHLS6rl6oT - 3 16 4
GuomebserfledT 6T6v0T600f1&6ME LOMMILD 2 (THEUIT60T
ellemeraiunperfleor GomebaserfledT 61600T600f&H6m S
eflemenTd &L (bLILML(b& &HMT600f IX
9_(Heuneor eXlememaLIm[He6iT : 16 Gonedsei I ommId 4 GomedseT m
&n.(bHEONS eTehdlyeTen eflemeoTLich EILIMIHET : 3 Gonev&eT y
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+3 2 +5

+5 +6 2
As, S;+HNO, +H,0 - H, AsO, +H, SO,+NO

2x2e” 3x8e

4e” + 24e”
—

elemenTLI(h OLIMIH6T 2_6iem LigHluled eT60&LIme0T&6f160T 67600160018 6mE6MILI FLOCOTLI(hS &1
= 3 As, S5 + 28 HNO, + H,0 — H;AsO, + H,SO, + NO

ellemeoTUh  OUNIBLSH@EHeTem  UGHuledr SiqliuemLuled eflemeotellemer  ELNIHEm6T

FLOEOTLI(b S &1

= 3As,S;+28 HNO, + H,0 — 6 H,AsO, + 9 H,SO, + 28 NO

eflemevraflener QLINHET LGS 136 EMEUDLTRQEIT JTNIHSHET & 88 S &Herdlg60T ST S6IT
eflemeuTLI(h OILMIHET LGF 28 eMADLTRET SETNSSHET & 74 H)&H6r060T SI600)|55 6T

GeumUNLMeoTEl 8 EMEDLTR6E0T HTDHEHET & Sp&H6r0lQ60T HETT)HE6T

- eflemeotuih OUTGHeT uGHlulgietar H,O cpe0sHam émm '4'. 956D OLIHHSS.

FLOEOTL(bSSLILILL. FLOGOTLITL 60T &I,

3 As, 83 + 28 HNO3 +4 HZO — 6 H3As04 +9 HZSO4 + 28 NO

=
g w&HLISH

I giflwneor elemLulementd 6\Ffley Q&S

1. (1)

2. (rF)

3. (&)
4. (=)
5. (&1)
6. (&)
7. (&)
8. (&)

40 19.601 CO,, eumy
200 u
gnmm) (A) &ifl Speormed snrevord (R) seum)
S &e6rdlg 60T
102 g
6.022 x 10%°
16 %
0.075
264



9. (rF) 1 Gwmeb HCI

10. (&) BaCl,+ H,S0, - BaSO,+2 HCl

11. (=) P,+3NaOH +3H,0 - PH, + 3 NaH,PO,
12. (&) 527

13.  (m)  6.022 x 10** B cpeodan miser

14. (1) NO

15. (1)  6.022x10%3

16. (& $,0,7<80,%<S5,0.2<S0,*

17.  (8) ewudmev &sCeoLlqeor Guomeond Hlewm / 3
18.  (fF) 6 Gomed sirLesfleoT Hlemm

19. (&) A wpmib B seoetraafled 2 6Tem cLoed&Hsn MISH6rle0r eTeturetollHenss@ EemL LUl L
el 2:1

20, (&) 39g

21. (=) 44gmol!

22. (&) (o) womio (23)

23. (&)  yglnSedr

24,  (&1) &L siggniblemm 12 u
25. (1) CI2

I. uebeumiLiy eNleoTN& & EHSHHTE0T el6emL & GSMILIL&H6T

1. CH,(g) +20,(g) > CO, (g)+ 2 H,0 (I)

CH CcoO

ewnper

Geud aflemevrésn.m e&s &evorsLd

eflemeorLflil SienIoHlSH&HLILLL 6flemeuTLi(h LML &6rfledT &6oT 40 mL | 80 mL
1616

eflemeoTLL L 6Xl6m6uTLI(h OIUMIHL &6 LOHMILD 2 _(HEUIT60T 40 mL | 80 mL | 40 mL
ellemeoTelemerr GILIM(IHL&6Ifl60T &60T 66

Siemm eeulil [Hlemend @ @Gerflfefldalul L LSeor eurmw|saerfleor - - 40 mL
&60T 66y

ellemeorelementl OLIM(HL S6T Semmeleulinl Hlened @ Gefiefldasliul L Smed, B eILHhUTEID
Foeu Hlemeoulled EHEHELD. eT6oT@6U EUMILILIL (1) 6TEOTLIS) FIfIWITEDTS).
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200X 90H (199 % 8) + (202 %2
=( H( )+ ( )= 199.96
100
=200u
3. siflwnesr  &Moevord: 6@ Gomed SiemeyeTem  eTHBOEUTTH CEILSIHVID  SiLMidlujeTer

o L eun@pL.serfler eretoresollbemna 6.022 x10%3,

4. eflement 1 : 2C+0,->2CO
2 x 12 g snjuenTmeoTg 32 g Sp&erdlgenil 601 6w 6vorhSleTarns).
eTeoTG6,
. . 2X12
SNyuenfledr Fomeor Hlemm = X8=6

element 2 : C+ 0, CO,

12 g &njUeoTnenT S 32 g Sh&erdlgeniL 601 Semevorbsleneng). ereorGe,

. . 12
SMyuenfledr gomeor Hlemm = 3—2 xX8=3

5. @emertTSMEdT ceiTM) O\BTEToTL & Beonsddlemeot M>* ereira

glomeor Hlemm = 2 _Beonds & leor Flemm / FLOMEOT SHMT600f]
9geq! = o_Beonasdler Hemm / 3 eq
2 _Qeonds s lenr Hlemm = 27¢g

2_meun@ Phoemenn M,O,;

SHHEW6IG60T [Hlemdm = (2x27)+(3x16)
= 102 g
6. B saeflufledr eremL = 0.018 g
B saeflufled o_erer Gomedaerfleor eTetoretollHemad = Biflédt Hlemm / Gomeon(y Hlemm

= 0.018/ 18 = 1073 Gwmed
1 Guomed Bifled smevorliLIhd BT cLoe0&an miserfledr 61600T600(1&H608
=6.022 x 10?3
1 B saeflufled emevoriiLihd BT ce0dan misefledr eTetorenlldbema (103 Gomed)

=6.022x 103 x 1073
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= 6.022x10%
7. MgCO, >MgO + CO, T
MgCO, (1x24)+(1x12)+(3x16)=84¢g

CcO :(1x12)+(2x16)=44¢

2

100 % gmiemwwenLuws 84 ¢ MgCO, gyeorgl QeulLlLGSSID eumws 44 g CO, -2
SGHEI.

1 g MgCO, speorg  @aululupsSgio eumnwg 0.44 g CO, @6 smIAME 66
Q&M (b&HSLILIL (6o g). eTeoTG6 ,

84 ¢ MgCO, wndlfluflenenr QeulLLLIKGSSID OumRgl 36.96 g CO,m6 SHLD.

100 %
wrHflufenienLw gmilemod seotemouler eseisn = —— 2 %36.96 g CO,
44 g CO,
L& FSH61sD = 16 % =84 %

8. NaHCO, + CH,COOH -» CH,COONa+H,0 +CO,T
NG g -

6.3¢g + 30g -> 33 g + X

eeuellGumlw CO, semey, x=33¢g

eeueflGwmilw CO, 601 GomebserfledT eTetorevoflébema = 3.3 / 44 = 0.075 Glomed

9 H,(g) + Cl,(g) > 2 HCI (g)

GLIMBHETL &&LD Hy(g) |Cl,(g) |HCI(g)
Geud eflemenrésn.m 65 &evorsLD 1 1 2
273 Kiopmio latm Si(1p&SH&Hlev elem 6ot 224L 11.2L ]
IO FSBLILGbLD Bomedaerledr eretoreoolldbemna (1 mol) | (0.5 mol)
elemeoTLL L. 6Xlem6vTLI(h ALIMIHLSET LMHMILD 2 (HeUT60T 0.5 0.5 1
ellemevtaflemen eILMIHL&erfledT GLomedHerfleoT 6T600T600(& 60
®_meumeor HCI - 601 Siemey = 1 Glomed

+2 -1 +1 +6 -2 +2 +6 =2 +1 -1

10. BaCl, + HoSOs — BaSOs+2 HCI

0 -3 +1
11. P, +3NaOH +3 H,0 — PH,+ 3 NaH, PO,
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12.  psedigGermrlwner (MnO,”) SheoTg Qb&s eflenersd 2 LumbGurg 3 cperm)
TEO&LITTEOTSHEMENT IMHMIS O&TETEHME). 6T60TE6) FLOM6EUTIHlemD
= (KMnO, —etr Gomeony flemwm)/3 = 158.1/3 = 52.7

13.  180g 1Brled smevorliLihd Glomebaerfledr eT6v0T600M S

= Bifleor Bleom / Bifledr Gomeon T Hlemm
=180 g/ 18 g mol'! = 10 Gomedaeir

Bifled 6.022 x 102° BT cendenmiseT 2_eerneor.
10 Guomed Hifled 6.022 x 102% x 10 = 6.022 x 10%* B cLoe0&H8nMIS6T 2_6TaTeoT.
14. 273 Kwpmib 1 atm SHRSSHSHe0 7.5 g QU] SemL 5SS CISMETEBLD &H60T 66y 5.6 60l LIT.

eTeoT@6U, 22.4 OILLIT &60T SieTemel AHeWLSH&ISH SHMET@HLD eUMLEedT [Hlemm

— 728 041 = 30g
56L

NO - eor Gomeony Hlewm (14+16) = 30g

15. @ swGoreflwur (NH,) cpeéenmled SMeooriLbLD 6160&LTmeoTserleor eresorenllbend (7

+3)=10
A Gomesflwim GomedaerfleoT Blemm
6[66-0-[660.“&.560)&) = = @wna)nj Jf]@m

1.7¢g

- 17 g mol-1

_ 0.1 mol
0.1 Gomed sibBomeoflimeied
SHTEOOTLILI(LD CLOEDE & M)|&6rl60T _0.1x6.022x10% =6.022 x10%2
6T 600T600f1 860 &
0.1 Gwmev sibBomesfliimeiied
SMEOOTLILI(bLD 6TED&HLTTEdT & 60T _10%6.022x10%2 = 6.022 x10%3

6T 600T 600115600 &

+6

+3 +4 +5
16. 5,0 < S0 < 8,0 <S0*

4

2+ 3+ 3+ +4

|, FeC:0,— Fet+CO,

268



18.

19.

Sy &erdlgenfleor GomebaerfledT eTevorevollSHem e

& Gomed siruevfler Hlemm

8g/32¢g
= 0.25 Gomedseir
geoLT emL Sh&emenlqeor GomedbserfledT erevorevnfl&Hems = 8g/o6dg

= 0.125 Gumevser

CLPEVE . M) &6IT160T 6T600T600f1860 88 EH&H S

BemL Cuiwimeor efldHID = 0.25:0.125 = 2:1

20.

21.

AgNO, + KCl -» KNO, + AgCl

50 mL 8.5 % &ewmsed gheurgl 4.25 ¢ AgNO, — 26 anevorbereng 50 mL 8.5 % AgNO,
semrgedled 2 _etemr  AgNO, eor GomedaerfleoT 6r6voT600f%H6m e

= Blemm / Gomeon Hlemm
= 4.25/170
= 0.025 Gomev&er

BemaliIBumenBeu, 100 mL 1.865 % KCl sempaedled smevortiupo KCl —eor Gomevsserfleor
6T600T600( 18610 &
= 1.865/74.5

= 0.025 Gumevser

aeor@eu 2 peun@o AgCl -1 Qonss Siemey 0.025 Gonevser (Geudl ellemeoréssm
e ds & dleor SilqLiLemLudled)

0.025 Gomevser AgCl 6d smevorliLihld AgCl et Siemey
= GuonebaerfledT eTevuTevofldbema x Gomednd Hlemm

= 0.025x143.5=3.59¢g

Siemm eleuLILBlemed HMID SH(RS5S5Hed (25 ° C wHmID 1 atm Si(RSsID) 612.5 mL seor
SiETEM6) ML S8 CSHMTETEDHLD 6(H eumelleor Gomedserfledr 6r6vorevofléHems

= 612.5x 1073 L/ 24.5 Lmol™!

= 0.025 Gumevser

B AlibsLLg,

Guomeor Hlemm = Blemm / GomebaerfledT 6T600T600f1dH6m &

= 1.1 g/0.025 mol =44 g mol!
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22.

23.

24.

25.

32.

6 g C-12- eb smevorLiLi(bld &iyLIevfledr GlomevsserfledT er600T600MSH6M S
= Blemm / Gomeory Hlemm
=6/12 = 0.5 Gmebaer = 0.5 x 6.022 x 10%° SMTLET HETDUSHBET.
8 g 155Bsevfled 2_etem Gomedaerfleir eTetorevollHema = 8 / 16 = 0.5 Glomeda6iT
= 0.5 x 6.022 x 10%> &MTU6T IS EET..
7.5 g m5Ggeufled 2_etem GLomedserfledT eTevoTevollHema = 7.5 / 16 = 0.25 Gomeb&ei

=2 x 0.25 x 6.022 x 10%* &MIL6TT HE0USHEHET.

. . . . . &yuenfledt Hlem
ersgleSenfleb o_eem emiuevfleir sg6fisn (C,H, ) = gmnwn;‘rg@i x 100

24
=—x100 =85.71%
28

36
yriiSeslled o_eiter emiuesilsir spefisino (C H ) :E x 100=85.71%

(&1) C-12 evr LI Sigmyblemm 12 u

12
«C

&(HSHLNS eflemLwefliss Geuetoriql 6M60TT&H& EH&HSME0T e)l6mL &H@&SMILILSHET:

Q&M(b&SSHLILL L 6m6Y :
273 K opmub 1 atm sip$s88ed CO,- 61 LTSS = 1.965 kgm >
CO, - ot Gomeony Hlemm = ?

273 K opmib 1 atm ip&558led , 1 Gomed CO, eumyeuneorg) 22.4 L &60r Siememeu
SIMLHG|5 O\SHMETEDE.

1.965Kg

m3

X224L

1 Gomed CO, 60t Hlewm =

1965 x10° g x22.4x107 af”

1 at®

=44.01g

CO,~6tr Gneoni Hlemwm= 44 gmol™!
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33.

34.  sansifl sieo) Hlewm

QBMb&SSLILILL o) & 610l g 60T
@&rio1b Guomev s erfl 6ot S1650)| & 5 é6ifl 601
6T 600T 600f] & 6 & 6T 600T 600 & 60 &
o 3 23
asgeormed - C,H.OH 1 1 x6.022 %10
<o . 23
umIl& sisleolb - HCOOH 1 2x6.022x 10
BF - H,0 1 1 x 6.022 x 1023
2
eflemL : UMTLOS Sibledid

24309
100

=24.31u

35.  eflewent : x +y + z, — Xyz,

100

~(78.99%23.99) + (10 24.99) + (11.01 x 25.98)

aflement il SignoFHEHSUILLL eflemerLich eflemevrtuieot aLIM(R&I elemeoru L ellemeot
efileorm eun@pLsefleor Gomebaerfledt erevorevofldHema GuomevserfledT 6revor600f&H6m S SL(bLILM (b
X b z, bq y z, &mevof]
200 200 50 50 50 50
(21) . . . . z,
dIbHeT | dgnibser | WOSEDISOT | gemsadr | sigmibser | WPOHERDISET
(=) 1 Gomed 1 Gomed 3 @omed 1 Gomed 1 Gomed 1 Gomed xandy
50 25 50 25 25 25
@ SIEWESH6ET | ATNHHET | CLLOSHFLMIGHET | HTNHSHET | STVUSHSH6T | CLPEDS & M)ISH6T Y
(rr) 2.5 Gomed 5 @omed 5 @omed 2.5@wmed | 2.5 Gomed 2.5 Gomed X
36.  QBNGLSSULLLEDE : Qb ieomiefledr [Hlemm =6.645x 10723 g
. 1 Guomed sigmmieledt Hlewm = 6.645 x 10723 g x 6.022 x 102
=40¢g
3 . . . 3 . . . 1 mOIe
0.320 kg —6b 2_éiten sevflogdleir Gonedaerfledr erevore00ll&Hems = “i0g x 0.320 kg
Imolx320g
© 40g
= 8 mol.
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37.

39.

(€2, Tl CLPEDEEn M) erafl eXl&ls
eumuumy eumiumc
C 9r&CGLmeny Ce Hyp Og CH,0
. CyH, N, O, C,H;N,O

e&MbessULLL S 2A1 + Fe, O, — AlLO, + 2Fe

6XlemeuTLI(h OLIMHL &6

elemevTaleman GILIM(IHL &6l

Al

Fe203

Ale3 Fe

elemeoryrflwl
SO FHSHSLILLL
elemeoTLI(be LM ([H6rfleoT

66y

324¢g

1.12 kg

eflemeoryrflwl
SO FHSHSLILL L

GunevserfledT 6revorevofl&Hens

324

12 mo

1

1.12x10°
160

=7 mol

Geuglelements snm| 6X&5

&600T&HLD

eflemevtulledr QLTS
eflementul L GomebaserfledT

6T600T600f166M 8

12 mol

6 mol

elemeotyrfluimosd
eTehdlemem 6XlemenTLI(h
ewnpL&erfleor Guomevserfleor
6T600T600{ 185618 LOMHMLD
2 _(meurment eXlemeot
ewnpL&erfleor Guomevaerfleor

6T600T600f166M 8

1 mol

6 mol 12 mol
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2_@peurnent Al,O, — eor Gomeony Hlemm

ALO,
=6 mol x 102 g mol~! | (2x27)+3(x16) = 612g
54 +48 =102
eflemeoryfllimosd 2_eftem SiFlsLiLiguineot eXlemerlieLn@eT = Fe,O,
eflemeoruieor @miluied elemeorLflwimosd 2_etem SiFlsLiLigimeot eflemeoTLiOLITHerfl60T SieTey
=1 mol x 160 g mol™!
Fe,O,

- 160 g (2% 56) + (3x16) — 160 g
112 + 48 =160

40. rm5Csevfletr eriflaed elemevTSHSHME0T FLOEITLI(HSHSLILILL FLOEOTLIM(H

C,H, + 7 0, 2C0, + 3H,0

= 2C,H,+70,—4CO, + 6 H,0
4 Gunedser CO, — @ 2_meunss 2 Gomed r5EHT GsemeuliLbSAmS).

1 Gomed (44 g) CO, - & 2_mHeunsHs GoemeuliLihd Fr&Gseufleor Gomedaerleor eretorevoflébems
2 mol ethane
. M /m.ol/€(f
= % Gomed &G 60t
= 0.5 Gwrmed r&5B&eor
41.

-1 -2
H,0, + Fe?* — 2 Fe’*+ H,0

(lewx2) le”
1 H,0, + 2Fe?t — Fe3+ + H,O0

=  H,0, + 2Fe?* + 2H* — 2Fe’* + 2H,0
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42.

e ww©
sevflold | #5650 Sigov)| [Hlemm S1600)|& & 61 60T ererfl efl&sLD
6T 6007
6T 6001600118 6m &
76.6 6.38
222638 570 _6
C 76.6 12 : o 6
6.38 6.38
H 6.38 1 ——=06.38 —=6 6
1 1.06
17.02 1.06
O 17.02 16 —=1.06 —=1 1
16 1.06
ererfliy eXl&lg eumiiliLimb = CeH O
Gmeony Hlemm
n = seoordALLULL ereflwl
&g eumiiunL o Hleom
= 2 x el sILTSH
94
= 2 xX47
94
= |
We&HEnm eumuunep (C;H,0) x 1= CH,O
43,
Seofllold % Sig)|5&arledT LI eTevorevfl&ems | erafl el
14.31 0.62
Na 14.31 —=0.62 —=2
23 0.31
S 9.97 297 031 931_,
32 0.31
H 6.22 82 _ 62 6221
1 0.31
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0 69.5 95 _ 434 43414
16 0.31
ererfl efl&hlg eumiiLmp =Na,SH,,0,,
n = Qunmeont Hlemm = 322 = 1
- — Na, SH,, O,
SHE00TSHEILLILILL 322 = (2x23)+(1x32)+ (20 x1) + 14 (16)
ereflu efléls = 46 +32+20+224
euUmILILTL(h _ 329
Hlemm

CPE0&En M| eumiiiune = Na, SH, O,
G&iLS S QI6TeT SIWEIT S MRDLTREVID , B CLPEOEEMISETTE 2_6T6TSHTeD,

" CPe0&HE M) eumiiiun Na, SO, . 10H,0 @

44. (i)

-1 +3

+6 0
K,Cr.0O, +KI+H,S0, - K,SO, +Cr.(80,), +L. + H,O

2 X 3e” le”

K,Cr,0, + 6KI+ H,SO, — K,SO, +Cr, (SO,), + I, + H,O
K,Cr,0, + 6KI+ H,SO, = K,SO, + Cr,(SO,), +31, +H,0
K,Cr,0, +6KI +7H,80, — 4K,SO, +Cr, (SO,), + 31, + 7H,0

(ii)
7 " ” +6
KMnO, + Na, SO, — MnO, +Na, SO, + KOH

[

3e” 2e”

= 2KMnO, +3Na,SO, —— MnO, + Na, SO, + KOH

= 2KMnO, +3Na,SO, —— 2MnO, + 3Na,SO, + KOH

= 2KMnO, +3Na,S0, + H,0 —— 2MnO, + 3Na,S0, + 2KOH
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(iii)

(iv)

45.

0 +5

+2 +4
Cu+HNO, —> Cu(NO,), +No, +H,0

2e”  le”

Cu+2HNO, — Cu (NO,), + NO, + H,0
Cu+ 2HNO, + 2HNO, —> Cu (NO,), + 2NO, + 2H,0

Cu + 4HNO, —> Cu (NO,), +2NO, + 2H,0

+7 +3 +2 +4
KMnO, +H, C;0, +H,S0, — K,SO, + MnSO, + CO, + H,0

5e” le=x 2

2KMnO, +5H,C,0, + H,50, — K,S0, + MnSO, + CO, + H,0
2KMnO, +5H,C,0, + H,50, — K,SO, +2MnSO, +10CO, + H,0

2KMnO, +5H,C,0, + 3H,50, — K,S0, +2MnSO, +10CO, + 8H,0

(i) slemT eflemeot el
+7

MnO, —> Mn* ... 1
and Sn** ——> Sn*" ()

(1) = MnO, +8H +5¢" —> Mn*" +4H,0

2) = Sn** —— Sn*" +2e”

(1) x 2= 2MnO; +16H" + 106" —— 2Mn’* +8H,0

() x50 58> —— 550" +10€
X

= 2MnO;, +55n*" +16H" — 2Mn*" +58n*" + 8H,0
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(ii)

(iii)

n = C,0,”” —>2CO, +2e”
Cr,0.” +14H' —>2Cr"+7H,0 ...

(B)x3= 3C,0,7 —>6CO, +6¢
Cr,0,” +14H +6e —2Cr" +7H’O

Cr,0,” +3C,07 +14H"——>2Cr’** +6CO, +7H,0

Siem[r 6X6m60TSH6IT

$,0° —>S,0° (1)

=

(iv)

L—I (2)
1) = 28,07 —S,07 + 26
2) = L+ 26 — o0

(3) +(4) = 25,07 +1, —>S,07 +2I

Siem[r 6X6m60T&H6IT

O
Zn——>7n* . )

+5 +2
NO, —> NO s )

() = Zn——>7Zn"" +2¢
(2) = NO, +3e +4H" ——> NO+2H,0

(3)x3 = 37Zn—37Zn" + 66
(4)x2 = 2NO; + 66 +8H —>2NO+4H,0

3Zn+2NOj; +8H"—— 3Zn*" +2NO+4H,0
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AOG - 2

Sigo0)|6l60T G6UTevorL LD Bu1sH&6eXwied LomSli]

6ot SN (b:

1) QSMbSHSLILLL M6 : (Ph&S LT Si1R&HSID = 1 keV
ere0&LImevfledT Quisbs SpMHMmed =

PH&HSNSHE&L LILETL(GSSLILILL L560T H(RSSHSSMEL eMDLI(bLD ShDmed

1
—mv’ =eV
2
mv’ =2eV
m’v’ =2meV = (mv)’ =2meV
= mv =+2meV
h
19 19on&efl Siemeferd A = —
mv
S
v2meV

m = eredLreofledr Hlewm = 9.1 x 1073! kg
h = Selfemmmiud wnmled = 6.626 x 10734 Js
leV=16x10"17]

6.626x107*Js

A

 [2x9.1x107 kg x 1keV [ ]_‘; —Jkg . s
6.626X107]S VI ks
A= _ 2 -2 % k 7
J2X9.1x107 x1x10° X 1.6 X 10 kg] = (kgm’s™)2.kg s
L =3.88x10"m =m]
2. Q&BM(bSHSBLILLL 606U

Av=57x%x10"ms 1 Ax=2?

eamlgeT LTSSt MFFWILNHMS SHeoTemlo GHMLUMLIG60T Lilg Ax . Ap 2 4—
T

h 6.626x107*

— = 7kgmzs_1

4 4%3.14

h

— =5.28x10"

4T

Ax . Ap>5.28%107"
Ax . m.Av >5.28 107"
-35 2 -1
Ax > 5.28;(10 kgm s5 1
9.1x107'kg X 5.7x10°ms"
= Ax>1.017x10""m
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3. n=4
[1=0,1,2,3
. 4 §lemevuTS Sn(b&6T s, p, d & f.
[=0m;=0= @ 4s SHTILT6OSET.

l=1m =-1,0, + 1 = cperm 4p
SyTUILLTebsET.

[=2m;=-2,-1,0, +1, +2 = omha&l 4d
SHTILLTEDS 6.

=3 m; =-3,-2,-1,0, +1, +2, +3 =
e 4f T’ Lnedsear.

QL (b OWTSHSNS 16 ST LTedS6T
SLusn@ eUMLILILSET 2_6Tens)

4,
5 gb
B 8B
@ B~ ¢ | &%
J = — ﬁ ~ .$N ‘ﬂ'$ |
. 5 E
5 2 = g 2 gb:
N=\ & 5 © 5
i €9
3d 3 0 2 2
4f 4| 3 0 3 3

—-13.6
5. E, =—5—¢V
n

@nevorLmeug Herieynm HleneodHE

-13.6
n=3 ~E, = eV
9
E. =-1.51eV

=-
6. Fe’t — et erevsLomedT Siemioliy 1s% 252
2p 352 3p®4s°3d°

Shald 1 | 1 [ 1| 1] 1
3d°

Mn?* — 601 eTe0&HLIMEOT SiemIoLIL 152
252 2p© 352 3p®4s° 3d°

.. oIh&l H60flGHS TESLTTEOTSH6IT

Ar— 60T 6Te0&LITME0T Semolly 1s% 252

2p° 352 3pb peullés eTD&HLIMENT & HILblEDEmED

7. 4f2 = e LT etr erfl 6dr
\L 6T 6001600115608

f-opmaCLmed
(LSEOTEmLD
SHHMEd [Hlemeo
n=4;fomniime/=3=m,=-3,
-2,-1,0, +1, +2

@evorh 6TED&L_ITITE0T S GTH 6T,
Q@ aeslgmer m; = -3 2 ewLw  4f
ST LTellgID LoHOMTETH M, = -2 2_6mL LI

4f oy Lmedleud HimLbL|&ledTm6oT.

.. @Ietui(h 6TEDSLITITE0TE(ETH S GLOITE0T

60T (&6UMEOOTLLD eTevuT&erfledT LodlLIL|&elT

KledTeuBLOMm)
8
E
Fl e~ g i
i &
3
G
le- | 4|3 | -3 +1/2
2¢e” | 4 -2 +1/2
8.

Fe3* - 60t eT60&LmMedT Si6mIoLIL]
1s% 252 2p© 352 3p® 450 3d°
Ni?* — 60T 6TE0&HLTM60T SiemLOLIL]
1s? 252 2p® 3s% 3p% 450 3d8
Fe** gyeurg sflundlweney mHirludin L

3d° ere0ID 1HlemeowImeoT 6TE0&L[T60T
SiemLOLI 6w 60Tl QLIHMETETE.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

=
o

Y WM G)

7

siflluneor eflemLulements asifley OFLIs:
(&) 30

(&) 4.42x1018]

(&) A =2},

() efoLmié eflemeney

(2»)

() n=6to n=5

(o)

(&) djp, dp2 2

(8) SHEPDHAS &6UTETOTLLD 6T6ToT
(=) [Xe]4f” 6s? ; [Xe]4f” 5d! 6s%;

[Xe]4f 65 3.

(@) 4l+2
() V6 h/2m
(& 2
(FF)

(&1) 9

(&) ns—>(n-2)f>(n-1)d>np 4,

(&)  (i),(iv) & (v)
() 7

(21) Wb

(&) 1/2m Vh/n

(&) 6.6 x 10731 cm
(FF) 0.4

(rr) -9E

() ﬁw:Ew

() AE.AX >h/4n

280

I

LI6DEUITILILIL 61607 M& & (6Th & &IT60T

ellemL &@MILIL &6

M?2*: 15?252 2p© 352 3p© 3d°

M :1s?2s?2p©3s?3p©3d8
SIG00)| 6T600T = 26

Flemm 6Tev0T =56

1Bluy L rmesor&erfledT 6T600T60015608
=56 -26 =30

2.E=hv=hc/A

_6.626x107" Jsx3x10° ms™
45%x10”° m

=4.42x107"]

E_ZSeV_l
E2 50eV 2

he 2,

_1
A, he 2

1

20, =M

2 1

SMHFHLYDSH Sl Bmomemend Bambh&Her
UflemswenLeug  Sostt  elemeney
eTeoTeYlD Ot HFD  HIMLOMemeddH
Canpser UiflenswenLeug VLTS

6Xlemere) ETEOTEYLD HEMLPSHSBLILILED .

sflwnenr &mml: N= 6 eulLLiunenguied

@luensd SMlgep n= 1 6
qeslnnanearg @ oHe  adHien
SHHMEmEDL OUDMHEHGLD. @sl

6T6D&LTT60TT60T &) AW SO H| SSBLILIL L

STl I 6D o _erenGungy) 3155
eueblemow|L 60T  LNemevoTSSLILIL (heTeng)

6T60T EILIMBEITLI(HLD.



6. n=6ton=5
E,=-13.6/ 6%; E;=-13.6/52
E, - E; = (-13.6 /6%) - (-13.6/5%)
=0.166 eV atom™!
E. - E, = (-13.6 /5%) - (-13.6/4%)
=0.306 eV atom!

9. Bn&PNHY &6UMETOTLLD 6T600T
WPSHEOTEUGI TOSLINENIHS M = +Y5
BretuTLneug) eTeSLIMEISS M, = -Y2

10. Eu: [Xe] 4f7, 5d°, 652
Gd : [Xe] 4f7, 5d!, 652
Tb: [Xe] 4f°, 5d°, 652

11 22l+1) = 41+2

12. TillLned Ganevore by HIY =
V(1(1+1) h/2n d ey Lreude = V(2 x
3) h/2n =6 h/2n

13 n=31=1;m=-1

3p, <peGeun  ieveng) 3p, psGeur
Bmésmend gneug 3p,  Siebeng
3py -0 adlesulsons @mevorh
6T 6D & L_ITITE0TSH 606IT LG BirLiu
Suigid.

14 I&HHE0IHS660T 6T600T600f5H6m S
=n-l-1

Ganevoré: 8001858 6fl60r 6TevoTetollHems = 1
3p ST LTSS

ST & E00)|5&6IT160T 6T600T600 lem&B=3-1-1 = 1

Caevoré & cun) & &6rfl60T 6T600T600f15H6m =1

281

15.

16.

17

18.

n=3 1=0 m =0 - @® s
ST LmebseT

n=3 I=1 m=-1,0,1- eperm p
SHTILLTevss6iT

n=3 1=2;m=-2,-1,0,1,2- cpeorm
d ymiLLrevser

QIOMSHSHLD 6E0TLIS) ST LmedseT
FMSHHIIDMEGLD

N = 6 Sho’oLIl HSHGI6ULILIL

6s >4f ->5d ->6p

ns > (n-1)f >(n-2)d > np

(ii) | speorE 0 (pH6d n-1 euemruileomen
SIS emar OILHM([HEHS (LPIGU|LD.

n=2; engdlwioneor ' wdllyser 0, 1
ereoT@eu [ = 2 snHHwIommEl.

(iv) I=0 6&; m=-1 snSHWILDHD .

(V) n=3 6& | =4 wHmib m = 3
NS WILHME)

n+l = 8 si@m eretor 105 2 _emLW
Heoflo G FledT eTeDSHLIMedT Siemioli] [Rn]
5f14 6d3 752

ST Lmed
(n+])
6T60&HL_ITM60T S6rfl60T

6T600T60011 &5 & 6m&HV

5f 5+3=8 14
6d 6+2=38
7s 740=0 |2

6T60&HL_TM60T SH6rTl60T
6T600T600N&H&H6m® =14+3 =17




19.

20.

21.

23.

eumiiiy (&) - egunb (UL 2.9 &
Ui &)

h
Ax.Ap 2 —
=P 4m
Ap.ApZi
4T

h
Ap® > —
P 4T

m’(Av)® > h
4T

f h
(4v)2 4mtm’®

2m \ T

m =100 g=100x 10 kg

v=100cm s!'=100x10?ms!
h
A=—

mv
B 6.626 x10*Js™
 100x10~ kg x100x10>ms™
=6.626xX10 ms™

=6.626 %10 cms™

-13.6
E = > eV atom™’
n
-13.6
= —="13.6
1)
-13.6  13.6

Q&HM(bHSLILILL LLg

E, =-E
13.6
- =-E
9
-13.6 = 9E
= E, =—9E

282
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27.

28.

30.

32.

&HeeLNs elenLweflss Geuesoriqwl
6X60TM & & (EMH&SM60T elemL & @&MILIL&6IT:

n=4 1=0,1,2,3

HT60TS DTS &n(b&H6T = s, p, d, f
[=0 m;=0;@wm4s pTiLme.

I=1 m; = -1, 0, +1 ; cweormy 4p
SHTILLTELS 6.

I=2 ml=—2,—1,0,+1,+2;§B!‘_’5§j4d
SHTILLTEDS 6.
=3 m; =-3,-2, -1,0, +1, +2, +3;

e 4f T Lnedser

ewngsd ufeornm HHFLILLTeOS6T.

o | 8

lj o ~ EI) 'NI -Iﬁ —
(| 18 | E

ﬁ ‘IB (= =

‘= = 5

& i €9

2s 210 1 0
4p | 4 |1 2 1
5d 5|2 2 2
4f | 4 | 3 0 3

i) o1q SyHMed Hlemed

ii) siglsule ufllorHm SpHMeEd

T 1111 ]1

Orbital n )

3p, 3 1

4d , | 4 2
X’ -y




34.

h
Ax. Ap =2 —
Xp4n

Ax. Ap > 5.28 X107 Kgm’s™
Ax. (mAv) >5.28 X10*Kgm?s™

Q&BM(bHSLILL (beTenemed v = 0.1%
v=22x10°ms!

m=9.1x 107! Kg

0.1
Av=——%2.2x10°ms™"
100

=2.2%x10°ms™
=35 2 -1
CAx> 5.28;<10 Kgm s3 1
9.1x107 Kgx2.2x10"ms"
Ax >2.64x10°m

35. oy&erdlgenfledr eT60&LTTE0T SiemLOLIL

1s?  2s? 2p*
2pX2py 2p,

", 8- eugl eTeo&HLIMe0T 2p  SHILA L medled
2 _6lT6mg) LMHMID G6UTE00TLLD 6T600T&H6IT

n=2,l=1,m;= +1 2160605 -1 248 BH&&6e0ND
s=-1/2

&CBenmiflevfledr eTeDHLIME0T Sl6mLOLIL] =

1s> 262 2p° 3s? 3p°
3p, 3py 3p,

15t ereéL rmedr 3P, @y LTe0leb 2_efteng) n
=3, I=1,

m,; = 0 poid my = +1/2
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36.

-13.6
E =——eV atom™
n
-13.6 -13.6
n=3 E, = e =——=-1.51eV atom™
-13.6 -—13.6
n=4 E,=——=—"—=-0.85eV atom™
4 16

AE = (E, - E;) = (- 0.85) - (-1.51) eV

atom™!

=(-0.85+1.51)
=0.66 eV atom™!

(leV =1.6 x 107197])
AE =0.66 x 1.6 x 10717 ]
AE =1.06 x 10719

hv=1.06 x 1071?]

hc
—=1.06x10""
x J

A=
1.06 10777
_ 6.626x107'JSx3x10°ms™
B 1.06x107]
A=1.875x10"°m

37. Q&HML&SSHLULLLEDEN : 6 6lLeiTevflen

ubedr 1 1TTserf] Siemed Hemb 5400 A.

m=>54g

3 6.626x107"JS
54x10°Kgx5400x10™""m
V=227x10"*ms"




38.
. B
g & % g
-8 5 B
e8| 3 83 2
=N ) @ G5, E E
g g 2
i6) % ©
0,+1, +2 | sym L nedeerr
5 3 Sf _3, _2, g@ Sf
L0, | oymf L nebaser
+1, +2,
+3
ST Lmed
41. ere0&HLOMeOTHEIfl60T 6TevOTEOONHEWSE: 35
(Q&®MbeSSLILL(beTeTE))
yGomLLedr&erfledT 6T600T6001H6mS : 35
6TEDEHLITITE0T Si6mLOLIL]
1s% 252 2p© 3s% 3p® 452 3d10 4p°
(N2
4P 4P 4P,
HemL g 6TeDSHL_TM60T 4PY ST Lmedled
2 _6eng.
n=4 [=1 m;= +1 26608 -1 %s
Bmsseomb, HmID s = —1/2
43. He™ — He?* + e

—13.62°
En = 2 :
n
-13.6 (2)°
E=——"=-564

1 (1)2
B - —13.622) o
(o)

Q&BMbSSLILL(H6TET  CIFWIED(LPEMM
Blaw Coemeuwner gpymmed = E - E, =
0-(-56.4) =56.4 ev

284

44.

3
ak a
gb e 9 B %
5 |9@33
(€] 5 8
t5
el gneotsefler | X~ 1 X
6T600T 600160 &
LG Lnedrsefledr | X~ 1 x-1
6T 600T600f 1860 &
1Blup L rmeoTserfleor y y
6T 600T 600160 &

HE00THHID E\BM(bHBLILL L LIl
y=x+11.1% of x

= X+EX =x+0.111x
100

Flemm erevor = 37
yGmmLmedrserfledT

6T600T600T1&6m & + [Bl), L mmedT &H6rfledT
6Te0uTE00T1H6mE = 37
(x-1)+1L.111x = 37

x+1.111x =38

2.111x =38

x = 18.009 x = 18 ((W(p erevor)

;. SIe)| eTev0r =X — 1
=18-1=17

=37

Blemm eTev0T

suwefluleor &miuie 7 Cl -




45)

.529)n* © —13.6 (Z*
r:(059)nA B (z%)

n

CPETOND QUL LLILIMenSSHSTeor GUIT  SpILb

BIeOT&HTeNS QUL LLLTenguled 2 6Tem 6

(E4) =

46)

47)

-1
R 5 ev atom

Z n

Li**&® z =3

(r3)

_ (0.529) (3)°
3
=0.529 x 3

=1.587 A

6T6DSLTT60f160T S HMEL

-13.6 (3)°
(4)
=-7.65 eV atom™!

Q&MbSSELILL (heTeTemn el
v =2.85x% 10% ms!
m,, = 1.673 x 107 Kg

L

mv
B 6.626 x10 " kgm’s™
1.673%10 " kg x 2.85x10°ms™

A=1.389x10" = A =1.389%x10" A
[“1A =10""m]
m =160 g =160 x 103 kg

140x10° |

v =140 km hr! = ms
60 %60

v =38.88 ms~!

A= —

mv
_ 6.626x107"Kgm’s™
160x107°Kg x 38.88 ms™

A=1.065x10""m

48) Ax=06A=0.6%x10"1m

Ap=1?

Ax.ApZi
4T

Ax . Ap >5.28%x10 P kgm’s™
(0.6x107°)Ap >5.28 X107
5.28 x10 " kgm’s™
0.6x10"’m
Ap>9x10*kgms™

= Ap 2

49) Q&MbSHSLILUL(beTeTemed Ax = Av = ?
h
Ax.Ap=>—
P 4T
h
A.(mAvV) > —
4T

h
v >
41 (mA)

aTeoTGe,

Flema@eusdHlen GemmhHFHULE HEFFWLHM S
v
BeiTemID =

50) letteor(R58 Geumiune =100V

=100 x 1.6 x 10719

6.626 X107 Kgm?s™

J2x9.1x107 Kgx 100X 1.6X10™"°]
A=122%x10""m

285



51)

8
Ak
i} . 75
B
@ 9
3)
2 0 4d
1 0 3p
1 -1,0, +1 5p
TCaHEnID R
&y
2 -2 3d
A0S - 3
e |

SHEUTIoMISEITI60T S 6UT HBHE0T EUHSLILIT(H

&6t &S H
Sigo)| eTevor : 120

2.

IUPAC smanedsl euwd : Unbinilium
IUPAC ghanedad &mluie : Ubn

&60flold uDM(H&HS eUMLILIL|6TerT

eTe&LmedT Siemioli :[Og] 8s?

eTen&LImedT Siemiolll : (n — 1)d? ns?

n =5, 5@ 6TEDSLIMEIT SIeMLOLILIT60T |

1s% 252 2p© 3s% 3p® 452 3d10 4p® 4d? 552
Sigoy)| erevor : 40

4 yeug) NG 51" eug auflems (d

ean&d seoflod) = dAFsGsmenfllid

(Zirconium)
SIQILO60f LIS S 60T 6TEOEHLITITE0T SHEWLOLIL]

Al® 1?28 2p° 3s* 3p'

| —
(n-2)

| R—;
(n-1)

%/_/

n
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‘8 5 B
3] .
9 B B

@ E E 2 9% 3| 4 ébE 3
9 | B 3GEG|TIEE
= E E @S-8 2@E S
G | E q '@ -8 & %@‘J'E
) > &g 3 E § 3

8 G| - 6 as

G G

n 2 0.35 0.70

(n-1) 8 0.85 6.80

(n-2) 2 1 2.00

9.50
. QFWIIM)| AHEDUSHEH LOl6T Grew =7 - S

=13-95

(Zeg)py =35

&CBenmiflevfledr 6T6DEHLIME0T SH6mLOLIL]

1s> 2s* 2p° 3s° 3p°
— ——

n-2 n-1 n

8 % B

8| 9,8 B %
| 88 69%3 J&sd
) 8 J3E® | 996
E E\E G e .58 2@ E 8
& | 5 gl 9 ‘@ B B % 9 -7 B
) » &g 3 E 8 3

8t | & 83

t t

n 6 0.35 2.1

(n-1)| 8 0.85 6.8

n-2)| 2 1 2

S= 10.9

. QFWLIIM)| AHETVSHS(H LOET &remd = Z — S

=17-10.9

(Zeff ) cl

=6.1

(Zeff)cl > (Zeff)Al ereorGel Ty < NG

X3+, Y2+, 7"
GTED&HLTMEOTHEMEITS 61&HIT600TL. 606,

S Flwiemey

g



QFWLQIN — SNCNGSHM LBl
gemwwimeors Leoteuepd  eurflemsuied
SI6MLOW|LD

Zeg), <Zg)yp <)y TGO Diui6of]
SHITLD H600TLqLILINS LileoTeu(pLd euiflem&uiled

.. r_>r, >r.,,
Siemowl GeuesoT(hiD. z Y X

.. eflwmeot Wl ser,

Siwieofl Siwleofl
SHILD
Z 136
Y2+ 64
pca 49

6. 1Hs eumubaer : 1037 k] mol™! w6
2372 KJmol~! euemmuileomeor eredemeouiled
siwesflns@o HpHmed  WH LI SHemenLl
eupmietererr. X, eTedIn SeofloGHEHNHE
IE,, wdlunerg  whseumyssaerfle
Siwenflwné @l SHHMED &l
eTeemedUled  SiembHGleTens. GLoID
Bszaflosdne 1E, wmmib IE, gpdw
8 wHlysEpd SiFHsLNs 2 6Teng).
ereoTGeu X S)60TH) LOhG GUML| SpHGSLD.

Y, eemm  gefloddne (s
Siwesfln&@D MDD &6MMEUTSHEYLD
@nevorLmd  Swellwnd&n — Spymmed
e SiFlswnseyd 2 etengl. ereorGeu
y eteotug oifle  ellemeotflisaniqul
2 _Beonsld S @Lb.

Z eaemm geflosdne IE, woHmibd
IE, sydlw Bnevorpid e Sidlswns
2 _eeng). eTeoTGey @& WS GemMmeUTs
elemeoryflio & _BeonsLb.

7.  Cl(g) + e — Cl (g) AH = 348 k] mol™!
Q@ Gmebd (35.5g) &Gemmifledr

348 k] symmemed eeusfulibHms.

. 17.5g @@ermifleor,
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348 kJ

3554

x17.75¢ @ppmeve OeueflulbADg).

348
- QeuafllLlL SyhHmedletr siemey 5

Q&FwedLImeh : 3.1 =174 K]

&aLILNemevotLiL| - 2 6ug OSTS&SH

SHeuflLorki &6l
254
-3
Tl 2 1.98
E\ 74
ESE 1.5

.36

=1
E 0.89
@ 0.5
g
3l o ;
k‘; 0 10 20 30 40 50 60 70 80 90 100

1.33

1.14

saLIflenevorii pmib(Aed)

0 10 20 30 40 50 6

SIETT)| 6T600T

goliflemeootly Symb - 3eug  euflems
HeoflLorhi&HelT

1.8
1.6 - 57

1.4+ 1.36

1.2 1.17

0.8
0.6
0.4
0.2

saLIflenevorii] pmib(Aed)

SIg0)| 6T600T

Covalent radii - 43 eugy euiflens sevflorkiser



saLIflenevorii] pmib(Aed)

Ll

v

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

2.57

2 - .03
74

1.5 1.44
132122 1.17 117 116 1,%%1%114

0.57

15 20 25 30 35 40

SI6T0)| 6T600T
gflwment elemLWlementd 6\ifley &S
(rr) bibibium
(25) AB,
(rr) -1 F Hevflormbiger
(1) I<Br<Cl<F (eteosLgmedt BHILLLD iFl&lHGSLD)
(FF) ) Ueerpifleor
(8) siudlevfluid
(&) Na< Al<Mg<Si<P

(&1) 0Bsm eresLIMafS 2 MIILSEDsT, Gewmeuner ChILSeTsenenil aLDmeTaT
GmiiLdlest siwenfl, Gemmeuneor Siwievf] ST SHSHlemeot ALIMILD.

(FF) Ca<Al<C<O<F

(&) Cl>F>Br>1

(FF) emauDLTeg60T

(&) apismeo

@BY>Z>X>A

(8) snmm) SILITEDTS) SH60TTED SHTTEUOID HEUMDITEOT S
(1) 152, 252, 2p®, 3s!

(&1) &@@emmifleor

(8) +527 kcal mol™!

(&)s>p>d>f

(Fr) emeus e 6 &6 LOledemeD

(&) 575 k] mol!

(a1 eurflemsuiled GemnEDEI, OSTS&SHulled S sflSHME.
(o1) eungieuns 918 sifl&sHeTn &)

(/) Be wmmub Al

288



s

9

p\

i &S H =
A0S - 4
EDEUDL T 22607

10.

11.

12.

13.

14.

15.

16.

17.

18.

gflwneor elemLulemend 6\Fifley OFLISH

(&)  evamLgger CPEsTM)
2CsTELMILYSemeTS  QSBTEOuT(HETETS).
sieupmier 1gflliquid iFle  Siemexled
SMevTLILIbED &).

(@) CO + H,

(o) T6CsT  wIOBIWID  Beflul
2 La@m spndlemwid, Umgm Wwmhrilwio
& 2 L& SFLMHFID O\SHTeToT(heTaTS).

(rr) eaM&H 1 — Hevfloriserr
(&) 1p+2n
(&1) eWwBeiquILD, 616UG60TIqUILD

(1) SnOm WHMID SMTevord ETevoT(hld
&1fl, LoHMILD SMTEvoID, Sn HMIDE Siflwimeor
e & &HLoMGLD

(a)l2g

() EDTA

(&) CaCl,

(1) Gamguwib sigidleflwid HedlGasL

(&) dlLeeuiu sipss Hemeouled
(STPed), Iml H,O, syeurg 100ml O, 5
SH(HLD.

(&) CrO(0,),

(&) 5/2

(rF) 8.4

(FF) sp? oHmud sp”

(8) @O sMrdgien Siblevld

(&) 4 eDADLTREDT NTNIHSHETTED
BTeoT(W& 6ulgeXled LIl (beTemg)
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19.

20.
21)

() @& ® & s B @ 6
Bla (b H-19emevoriiL LOHMILD
CLPEDE T )18 (6TH &6t L GLLILLIT 60T H-
flem 600TLIL

(8) (&) wHmud ()

(8) rrflulleby Qpdemench

LI6bEUMILILIL] 6160TIT S8 (61H & & M60T
ellemL &@&SmIIY &6l

1)

2)

3)

4)

5)

7)

8)

9)
10)

eumiiny (@)

sfluneotd samm) : DRDLTRET CLO6ITM)
2CsnGLIlysemens  QSBTE0OT(H6TETS).
sieupmien LGImiquib e Siemeled
SMevTLILIbFD &I.

eumiiy (&)
CO +H, - B eumy
eumiiii (2h)

sifluneotd sampml : STSCHM wIHMIWID
- Q@ 2 L& &pndl.

eumiin (Fr)

ThHHSHSML (b : Camquid emamLemI®h
(Na* H")

eumiy (&)
1T3 (le”, 1p, 2n)
eumin (&)

Ca** + Na,CO; — CaCO, | + 2Na*

quplflwgsleor  Heopm = 2 X
HGomLiquisSleot Hlemm

MOTHH 1.2 g  emanLTmeniDd
quy L flwiSsmed uged

QFILWILILGLEUTE Si560T [HlemmUTeoT &)
2.4g. pdmg. ereorGeu 2 Led [Hlewm
aiflafliy (24-12=1.2g¢)

UM (&4)
EDTA (eumiiy (rr))

Bifleo Ca?* whmub Mg?* suweoflserleor
SCemenIb&erT, emHLGIL(b&H6T LoHMILD
FOBUL(bSHET HMETOTLILHEUSTED HIHEHE



IS &19.6015 HETEMLD DHLIbEME.
eumiiy (&) CaCl,

11) &GwmemeoLl eTE0TLIS)| Ge&mq.uib

sigiflevfliid FAOICHL S &LD.
(NaAIlSi, O, . H,O)
UM (&)

12) (&) L eeulu 2ipsHs Hemeouled
(STP ufeb) 1 mL H,O, peorgy 100ml

0, - eméu g STP.

13) Cr,0.2" + 2H* + 4H,0, — 2CrO(O

+ SHZO

2)2

eumiin (&)

14) 2MnO,” + 5H,0,(aq) + 6H" — 2Mn?*

+ SO2 + 8H20
eumiin (&) 5/2

15) emamLImeT  GUITHem6DIqE0T  H60T

SleeyF e Fmley

= WAL ITRE0T GILTTHEMENI60T HTTLOMEOIL LG
X 5.6

=15x%x5.6
=8.4

eumiin (Fr)

2H,0, >2H,0+ QO 1

(2- 34g) (224 litres)
DEUDLTER60T GILITTEHEMEL 60T HEUTSIETEYSF 6\&Ml6y
(s (1o V) MV
H, O, ébr gwowomeot Hlemm
x22.4
68

17 x224
68

EDEUDLTER60T GILITTEHEMEMI 60T HEUTSIETEYS 6\&nley

= prgwnedlily X

= BMILMedlLIg X 5.6

16) sp® wHmib sp?
eumiin (Fr)
17) ewamuGum umsvLTen  SiOlEOLONEDTE)
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18)

19)

D,0, 2 _Leir eflemenryflyio Gurng GCT
&b WD Te60T L (bLD 1qu) L fluissmed
udebp OFLWLLGADE. ereoTCeu &)

& SHMTSHFI6U ABeLD.
O
I
/P

O-H
H

iy (&) e &MISsieu Sible

(1) 4 eMADLTNET NTNIHSHEMTED
Breorpdl  euqelled gL (heTens)
(uLb 4.6 - uenfldaLiquiledr 66D
UM &)

0-emmHLBIm eoTmed

H
N
O/ O
A
N§ o

p - ewBLCEm L960TMED
OH

O—xT -0 o\\ @—
<z

No



20) eumiiy (&)

&euTHImeT &) SIETNI5HS([

elemevt Herfled L bULGbSS LTS,
GeflTeIlILMeTTHEYLD CIFUIEDLIL 6UEDEDE.

21) (210

Boneor g FrIflebLy

SHEHEMEVLTGLD.
eumiiny (@)
AG - >
ST LOMHMILD SHMILO600T 2 B0 hIS6T

db

I giflwneot elemLemwsd O\5fley &S,

&Nk

1. (@eLgsdl: Li<K<Na<Rb<C

2. (s)@mgy o _Beonad Gmrwenflaerfled, Lit+
swesfludesr  BCIHOID  HeTemiouledt
SlaneY &HE &emmeY.

3. () @eunniled ergidleved
4. (&) Li
5. (&) LD6tuT6\600T600T6)600TL

6. (&) @UUT HHEW&DH LOMID LIMTT
&NMHSHS SHETEWLD C\&HMT6TOTL 5.

7. (@)sneb@eu (pemmuied ML mFuib
SMTUGeTLemL SWMfléa (LpLg .

8. (&) ewdefaduib

9. (&) MI < MBr < MCl < MF

10. (&1) &mevLl 6ot (pemm

11. (&) Ca(CN),

12.  (=1) MgCl,

13. (&) p-2,q-1, r-4, s-5, t-6, u-3

14. () sapm) WOHMID SMTE0OTID ETEvT(hld

Seum).
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15. (81)8ndml OHMID SMTevoIDd EIevor(hld
slfl, LOMID &MTevoID, & OHIIDHSTE0T
Frflinmeot eXleM&H&HLOMEGLD.

16. (&) MgCO, > CaCO,>SrCO, >BaCO,

17. (@)@seor 9 L |&el siflsns
BITHUEGSSSLILIbESEOTMEDT.

18. (&) &r60oT6UONMDL LITED

19. (&) NaHCO,

20. (&) Ca(OH),

21. (&) &mneor @swi &g liemu urmofliiugled
Ca?* sweslls6r (P&HEHWIBELEDTHEmEL.

22. (&) CaF,

23. (=) CaSO,.2H,0

24. (&) CaNCN

25. () Li,CO,

uebeumiy el &HEHHBTOT 66wl

&ML &eiT

1) eumiiy (&)
eunCLrdlwioneorg Gamguwisens el
B8 GevsmevT s
(81 L6uemenor 5.3 gl LUMT&HS)

LTSS ufleor siflwimeot euflems
Li<K<Na<Rb<Cs

0.54 < 0.86 < 0.97< 1.53< 1.90(in g cm™
%)

2)  eumidy (&)

s 2 _Geons GmI  SiwesflsEned
Lit  swefllwnerg oifls HGI@mL
SHEOTEMLOEMILI LD METETE.
Lit > Nat > K* > Rb* > Cs™
3) Q&BMb&SLILL (beTerT SIEWEVT HGIF

BaiWrasEHL ST 2 _Be0N &Ik EHL 60T
ellemeTlLL(h 6MADLITNET  6UML D6
eeueflGumnm)fleoTment. eTeoTGeu

() @eupmled eagIblebemed 6TeOTLES



4)

5)
6)

7)

8)

9)

10)

giflwimeor elemLWM@&LD.

Lit eor BGIHM S4Hmed SH s ereorGou
Lit syeorg B o s&sdHed Hlemeolis
SHEOTEWLD WL EMG).

(&) Li

(8) L0600T6\600T60T 61 60T

RbO, peorg @ SHUUT SpHemenh
GW0. B& Rb+ wpmip  O,”
siweflsemend G\&mesorbemengl. Goeid
O,” sweflurers @G  s6flsHs
6TEDSL[TITEM 60T 618 M6TOT(h6ITEI &)l 6T60T(E6U
@& U SMHSS SH60TEMLOU|EDLLIF).

UM (&)

gnebBeu  (pemmuiled  QuMLLmdwid
smiuGerlemL  swniflss  Quieons).
eurlLrdlwb emu  sMiuBestl.  Hifled
&NUILs558  oemelled  HeHIWSH
FnlqW1g). eTeor @6y 65 pLiLig eumeudledenen.

eumiiny (&)
Li Be B

\ Mg \ Al \ Si
eumiiti ()

Siwevflll Levor (6TedSLTme0T
seUTHeoTenouied GeumiLimo)

MI < M Br < MCIl < MF
eumiiy (&%)
STV 60T (LP6mM

NaOH = Na* + OH~

er &I ledteumis : Nat + e~ — Na

G Wleoreumis : 20H™— H,O + 1/20, + 2e”

11)

12)

eumiin (&)
CaC, + N, —20350C ; ca(CN),

Calciumcyanide

eumiiiy (&)
(1) MgCl,

&My wetor o _Geonssafledr HGIHMD
Sy HMedledT euiflens
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13.

14.

17)

18)

Be?t > Mg?* > Ca?* > Sr?* > Ba?*

(p) Gamquid -oEhaeT (2)

(q) ®mebAwid - aFmIsed deuliy (1)

(r) Guiflwibd - pnder LFems (4)

(s) enoLpmeordlwid —&iflibgeot feuliy (5)
(t) EAwib - Hemb (6)

(u) eumCLrdwib — gergm (3)

eumiiny (&)

(F)

ST LOHMILD ST LO6TOT
2_Geonsraiserled K, Rb iommiio Cs

S ENWL160T LOL (b BLD &x LILIIT 4560610 (b & 6m6IT
2 heUTHGSHETmerT. & U u [
S HEmEI 606D O, HETHI 3 GTEOSHLTTE0T
Lemevorl I 6m 60T 618T6T0T(HET6N &)

(1)

SnDMm| OOMID &SMTevord Srevorpld &ifl
LOMID STTEUOIONETSH  FnDUIDHET6E0T
giflwimeor elen&&SLOMEID.

QM 6snedHuler Goedlmhs &Epns
L eunes  sMTUGeTL (hserfleor
seoIWD HmedT GewnEDE. ereoTGeu
giflwneot &emTHmedr eulflemd

(&) MgCO, > CaCO, > SrCO, > BaCO,

siflwineot samm) : LFedluigHleor 2 Li|sei
erefldled BIMMH LGSSHLILIbSEOTMEDT.
eumiiy (@)

BHmi& sesorevormipy Ca(OH),

Q\FIMThISHE0MET S| revorevormioLll umed (Milk of

19)

Lime ) eredtmemp&&LiLbED&l. Goaid
egafleurmenT semraed srevoTeooTmibL HIT
(Lime Water ) eTedTmemp&&LILIGLEDSI

eumii (&)

2NaHCO, ——Na,CO, +H,0+CO, T
(Bifleb BewrAma)
2HCI
2 NaCl + H,0 + CO, 1
grflwimeot eumiiii ()



20)

CaCO3 ﬁ CaO + C02 T (Colourlessgas)
(x)

(CalciumOxide — residue)

A | -co, H,0

Ca(HCO,) ¢—*—Ca(OH),
(C) (B)

21) Ca’* swefluners &omer  @swd
&ligLliemu ugmorfliudled (W&&AWL

UMbl STHDISD &)
eumiiin (1)
22)

'Blue john' - CaF2

(.. LeehemILIq.60T 6(H 6U6WS)
. eumiiy ()

23) CaSO,.2H,0 .. eumiiiy (&)

24)
CaC2 +N, —> CaNCN
1 atm

emHLBrmedlid
(or)

SHTEOAILD FUIGOTEMLO(H

o eumiciy ()

25) Li,CO; gyeors @emmeurnent HlemeoLis

SH60T6MLOU|6DLWIG.

eumiiy (@)

293

S10&- 6
eumuw| [Hleme0emLD

60t SN (h:

1.  dfwnesflledr seor sierey (V) = 1.5 dm?

P& (P) =0.3 atm
'T' gpeorg MEed
P2 =1.2 atm
v, =2
.. PV, =PV,
PV
= V,=—+
PZ
0.3 atm x1.5dm’
B 1.2 atm
=0.375dm’

. &eor seney 1.5 dm? edlamba 0.375

dm’ 2886 GemndHmE)

2. V,=0.375dm’ V,=0.125

P, =2

Pl =1.05 atm )

"T" - onrled)
P,V,=P,V,
p PV, _ 1.05x%0.375

v, 0.125
=3.15atm

3. V,=38dm’ T,=0°C=273K

T, =7

— 3
. V,=2.27dm

H|<

v,
TZ
273K

227 A’

=457K

3.8 difi®

T

1



4. V,=7.05dm? V, =2.35dm?
M, =0.312mol 1, =7

'P' wpmid "T' rafledseir

A
' I’11 n2
nl
= n,=|— XV,
Vl
0.312 mol
N, = X235 difi”
7.05 dii®
n, =0.104 mol

aeueflulL b GumevserfledT 6revoreonfl&Hemn s
= 0.312-0.104 = 0.208 Gonebaeir
5 T,=8°C=8+273=281K

P, =6.4 atm V,=2.1mol

T,=25C=25+273=298K

P2 =1 atm V2 =7
PIVI — PZVZ
Tl TZ
PV T
= V,=| =+ |x=*
Tl P2
6.4 arm x2.1mol 298 K
- X
281 K 1 attn
V, =14.25 ml
6(21)
Vo,=12dm*>  T=298 }
Constant
P=1atm
Vi =46 dm3
V. 5dm?

total —

P

0,

X

294

0, —

= XO2 X Ptotal 1 mol
n, = x12 ¥
n, 2 224 Y
Mo, + Ny n, =0.54mol

- = X 46
0.54+2.05 Dy, 204 ,I{ /K

_05% 021 n, =2.05mol

259 ‘

P Viotal = 1 atm x 22.4 )

latm x22.4 [
51

P .= 448 atm

total —

total X

** “total

~.P, =021x4.48atm

=0.94 atm

n, + .

2

205
0.54 +2.05

2.05
Xy, = —— =0.79
2.59

=Py, =0.79 X 4.48 atm
P, =3.54atm

6 (b) 2KClO, — 2KCl, +30,,

P _...=772mm Hg

total

P =26.7 mm Hg

HZO

P

total

s.P, =P

0, total

=Py +Py,

P

H,0

P, =26.7 mm Hg T,=295K



T,=300K P,=7?

|

P 26.7 mm H
2= & %295 K
T 300K

P, =26.26 mm Hg

= P, =

VR

", POZ =772-26.26
=745.74 mm Hg
7)  t; = 1.5 minutes (eumy) epam. Grremiued
t, = 4.73 minutes (eumy) yGrmbleor

Ym@LGunébnjudﬂ_ t y@rmbdledr

'YL{GU‘ITLQG.JT t L GranyueT

(.- Heot6meY Lomiledl )

B 4.73 BLol_rusen
L5 Bl iuser
=3.15
Y@@Lngmnﬂuéﬂ _ m LIGU'HLﬁ]Gl'!T
y L]Cgﬂ'ﬂLﬁ]GﬁT m emauL GrraniLeT
159.8 gmol ™
3.15 = |-2°8MO7
emaL GrraniLeT
=3.15

SmUDIPL uTHSLIUGbLSS LIHI SI6MLO&HSLD

Qurrqggj s
159.8 g mol™

(3.15)°

el GrmanTLeT =

M o Gramiuer = 161g ITIOI_1

n(12) + (2n+2) 1 = 16

B smanLGrnamiuenfler
12n+2n+2=16 QuIng) eumbiiung
CnH2n+2
14n =16 -2
14n = 14
n=1

. emamLGrr snfuetmerg C, H

8)

20)+2 = CH,
abhd QB el Hlenesd GG
sifles PsHHD SieafleHslLg D &I
eunellemeor  Hlmeuonss QuieonGHm

Sl6eueeULILBlemed FlemeD Lomm)
e eulILblemed eTeoTLILI(hLD.

700 K, @eeulu Hlemeouledmih &l
GefTels&0EuUTE) B (p&H6ded

Hreuondng SHeHeOTSH CSTLAIHSI
aibConevflwneyo @mHwing  STLeT

ML SpHEM6V(bLD SHlITeULONEHEOTMEDT.

| siflumeot eflemLulement \FIfley Q&S

1.

10.
11.

(m)eidls (555 P6b
CLPEDE S )18 (6TH S 6L GILILLITEDT &6U[T &8
eXlemd LM & &600116:8 5565 SH60TM).

(FF)  cpeodsam eremLUNedT  euT&Hs
pesHH NG eTHTNES OSTLTL DL UIS).

(P+ﬁJ(V—nb) =nRT
(&) v

(=) 6E0TMISHE1&HTE0TM)]
elemFemILl 1T &|6USH6D6M6D.

SHeUTFH

(1) 1/3
(24) urmuiled eeuLiLHlemed
(8) efleymed

(o) ewanryer &Gemmenmh Gbhene
Si[HH6D

(FF) 2RSS LOHMID &Heor  Siemeledr
3160 G H6IT

(&) 8.3 ] mol! K'!
(&1) umuledleor eid



12. (@) NH, 6.
13. () L II wpmub 111
14. (@)0.41dm?

15. (&P

16. (=) 4 8.
17. (@) 1/8

18. (a) 1T

19. (&) P

20. (=) NH,

21. (@) mol! L wmmub L? atm mol2

22.  (FF) Snpml LHMID SMTE0OND ET60oT(hld 12.

seum)
23. (8)3.41gL!
24, (8
25. () HI

LI6LEUMLILIL] 6X160TIT S8 (61H& & M60T

elemL &ML &6 ”
5.
1558 evfledr Hlemm
= o) 6dlgevfle Hlewm = a
B&Caeflett Gonedaefls eresoreuflidens = %
s Amenflsir Guonebealern aresoTernfléema = %
a
2y éAmgefledr Guomed edTevTid = — 2
a_ a
16 32
a
_32
3a
32
_1
. . . .3 15.
& dlgeilenn LGS SIRSHSID

= GomedLIedTenTid X GLOMSSHH(RSHSID
1

=—P
3

296

abd @ SUILILL aeuliu Hleneouled
Bueby eumyssen  GSHUILSH5H5
SRS  eTebemeuled TheLEOILIEDL]
EUML 5 HEMH & 2 L_LIL (b 6O\FWIedLI(b S B
sleueeuliuflemed umuiled @ euliLflemed
6T6OTLILI(HLD.

elreysed 6fsb a 1/Vm

mNH3 =175 myq = 36.5

YNH; ~ YHC

eTeoT(6Y  Gl6UETUTL6MS  6MEDLTE60T
&CenmmenIhéH & AmHEH (LSH60l6d
2 _meun&ms.

‘a', &1 WHLIY flswne 2 eten GUTE
CLPEDE B MI&ETHSHE BemnLGuiwimeot
HeUT&FH eflema aiFlsf&Hn &I,
FHreuons&seo eraflgndng. e m iy

(8) sflwneorg.

PV
AWP&HSSmeT &nrevofll  (z) = ——
nRT
Ve z X nRT
P

0.8697 x1x8.314

%107 bar dm’ K' mol®

B x400 K
B 71 bar
V=041dm’
1 Tz = 2Tl
v, V,=2V,
P =2



LT
) P1V1X£:P1V1X£
T 'V, T 2V
P, =P
aumiiy (@)
YHZ — mCl|H2|\+2
Ye,n my,

n-2n+2

3\/5 — mcnszmz

Sy euT&HSLILGbSS LIHMIWEnLSHS

27 X2 =mg
54 = n(12) P (2A2)(1)
54 =12n + 2n -2

54 =14n -2

n = (54+2)/14 = 56/14 = 4

unglwerey emaml rmer aeueflCun Gsemeauiupd IG5 CrasHHed LTayD S&erdlgeufleor

UletTeor Siemey  1/8 Sp&Ld.

lia—vj [Bevedlwieb eumyedihe PV =nRT]
P

V\oT
a(nRTJ
1y LP
\Y% oT
P
_DR(OT)_ mR 1
PVioT) nRT T

297



19. '3 et wHy SFsLIGD EUTRE!
FHIeULTSHSHED eraflHMGLD.

21.
an?/V? = atm
a = atm L?/mol? = L2 mol? atm
nb=L
b = L/mol = L mol™!
22.  sflwneot sammyser

12 CcO
eeuliuflemen 304 K. @s6ment ereveu6ney

, 60T BlemeoLomm)

SI(IPSHSID Siefl&HSLILIG EDID
304 K, 5@ Gwed Hoeuonss Suieong).

2: LMTONSH e euliLflemeouiled
Q&M(b&SSLILL (bET6r Hlemmu]eiter
BTG 60T 60T SIETEY SNBHET (PSS SF D&
i eNFHHSHH6d SiemLow|ld

23.

Blemm

SILISS| = SHETSIETEY

nRT n) RT
P
. p
= Gomeor Hlewm RT
=14 g mol!

5atm
0.082 L atm K'! mol! x 500 K

=341g L}

24. & GOUNLL HlenmuenL Wi HededlIeL]
eumedma V a T

P al/V
wHOId PV = wonmled
25.  Q&MbsSSLILL(bETET aeuliLblened LoHMID
S(R5SS S0
HeoTale6Y a GLomebaerfledT 6T600T600f & 6m &

Heoraieney o lemm / Gomeond Hlemm

298

47.

48.

Heotaleney a 28 / Gmeony Hlemm

aigmeugl, Gmeony Hlemm SiFlsLb erevfleD,
&H60T a6 Gemme). ereorGeu HI syeord
GEDMEUTEDT &H60T 6T EULI LM METETS).

&HEeLNs elenLweflds Geuesorqwl
660N & & EHHSHMET  elenL & &ML &6T:

46. T, =15°C+273  T,=38+
273

T,=288K T,=311K

V, =2.58 dm’ V,=2

(P =1 atm wommfledl)

Vi_V,
Tl T2
v
V, = (—‘J X T,
Tl
2 58 dm’ K/
288 K

V, = 278 dm’ oipneug sem oiene
2.58 dm’ emhg 2.78 dm’® @&
aigsfleED &)

V1:3.8dm3 V, =227 dm?
T, T,=0°C=273K
.V,
T T
T
VZ
273K
T =38 d° x————
227 i’
T,=457K
n, = 1.5 mol np="7?

V,=37.6dm> V;=16.5dm?
(T =298 K ommiled )



49.

50.

v, ¥

A n

B
B
n
n, =[—A] Vi
VA

1.5mol
=—X16.5
37.6 difi® at’

= 0.66 mol

n = 1.82 mole

V =5.43 dm?

T =69.5+273 =342.5
P=2?

PV = nRT

_ nRT
\Y%

P

1.82 mol x

0.821 difi® atm mol ' K™

P X 342.5K
5.43 difi®

P=94.25atm

Pl = 1.2 atm

T,=18°C+273=291K
T,=85°C+273=358K
P, =

)

P, =1.48 atm

299

51. T,=8°%C+273=281K
P,=64atm V,=21ml

T,=25°C+273=298K

P2 =1 atm V2 =7
PIVI _ PZVZ
Tl TZ
V — m X E
’ Tl PZ
6.4;aft1{><2.1ml x 298 )(/
281 K x1 ath
V, =14.25 mol

52. Q&Mb&&LILULLeme,
V =154.4x 103 dm?,
P = 742 mm of Hg

T=298K m=7?

L= PV _ 742 mm Hgx154.4 X0 °L
RT 62mm HgLK 'mol' %298 K
=0.006 mol
Iblemm

Gomeony Hlemm
1Blémm = n x Gomeon(y [Hlemm

=0.006 x2.016
=0.0121 g=12.1mg

n:

53.

YG).IITLLI = N, —_ N,

YNZ t6).IITlL| eumwy
84 sec _

192 sec - Mg,

14 gmol™

_l4gmol”

menrru.|

(Y (T}

2

_ 192

m =14gmollx( sec)
84 sec

m =73.14 gmol™

eumy



54. mg =525g P02 =? 2 atem eumueNledr SipHsoneors 11
atm &G 2 Geons s QHMLIGUITEOT S
Mco, = 65.1¢g PCOz =1 adle ulLFwowns 12 atm, euem
T =300K P =9.21 atm BMMhGBHEIGUIH  ETOTLSTED — OBTLIY
) o (WFHE0l6D ©_(H&HS C\FHITLIhIEGLD
P02 = onr)li OWNSs (PRSI0

Xo, =—2—
n02 + ncoz 8"@)@ - 7
0, &1 e " aeullu Qwissewed
n =
% O, e Gmeont Hlenp HeoTo SN (h
52.5 .
=228 __164mol 1. Siey
32 gmol S
N ~ CO2 661' Lf)]@ﬂ) E1&HM(h&H&HLILIL L 6m6)
©  CO, eor Gomeon Hlemm AHQ CO, = -393.5 k] mol!
:65‘—155_:1_48 mol AHQO CO = -111.31 kJ mol!
44 gmol™
n Led AH (H,0) = -242 kJ mol’!
X, = 22 =——=0.53
02 n +n - 312 CO,(g) + H,(g) = CO(g) + H,0(g)
n, 1.48 AH? =71
Xeo, = =1, =0 '
: + . _
nOz nCOz AHro = 2 (AHf) elemeoTelemerLl OILIMIH6IT

P, =X, X WOMSHID SH(RSSID
=0.53x9.21 atm =4.88atm

-2 (AHf)G)ﬁlso)smu(b QM BeIT

AH = [AH,(CO) + AH, (H,0)]

P, =X, X GLOMSHHID Si(RSHSLD r
=0.47% 921 atm =4.33 atm - [AH{(CO, )+AH; (H,)]
55. o Geonssdledr o S  IHleweouled AH = [-111.31 + (- 242)]
2 _Geonad asMLiquiled 2 _aiTem sumujedleor
Sigdsid — [-393.5 + (0)]
T, =298 K; P, =2.98 atom; T, =1100 K; P, =? AH= [-353.31] +393.5
H_PB AH’= 40.19
Tl T2
AH = +40.19 k] mol~!
= P=-"LxT .
T 2. Siey
= 2.98 atm x1100 K =11atm Q&BM(bSSLILLL 616U
298 K
Biflédr Guomebserfledr 6retoT6v0NSHEW S
1100 K eeuliu Hlemeouled QSHMLIquled 180 g
n=———=10mol
18 g mol

Bifleédt Gomeom T QeuliL eI S medT
Cp= 75.3 ] K1 mol!

300



T,= 100°C=373K
T,= 25°C=298K
AH= ?

AH= nC,(T,-T))

AH= 10 mol x 75.3 ] mol-! K1 x
(373 - 298) K

AH = 56475]
AH = 56.475Kk]
Sirey
QBM(bSSHLILL L 6m6)

C.H, (1) + g 0,(g) — 6CO, (g)+3H,0()

AU at 259 C = -3268.12 k]
T=25°C=298K;

AU = -3268.12 k] mol™!
AH =?

AH = AU + An RT

AH = AU + (np -n ) RT

AH =-3268.12 + (6—2] x8.314 x107 x 298

AU = -3268.12
+ (2.5 x 8.314 x1073 x 298)

AU = - 3268.12 +6.19
AU = -3261.93 k] mol™!
Sirey

QBM(b&SSHLILL L 6m6)

Mg(S) + Br,(1) —

MgBr,(S) AH” = -524 KJ mol!

LUSMhIBLOMHED
Mg(S) = Mg(g)
AHI0 = +148 KJ mol™!
Slweoflwimsed
Mg(g) — Mg?*(g) + 2e”
AH,° = 2187 KJ mol™!
Syelwingeo
Br,(1) — Br,(g)
AH," = +31 KJ mol™!
Hflem BwlemLGH6d
Br,(g) — 2Br(g)
AH,° = +193 KJ mol™!
6TEDSLITITE0T [HITL_L_LD
Br(g) + e~ — Br ~(g)
AH.® = - 331 KJ mol™!
Siiey
Mg(s) + Br, (1) —=—> MgBr, (s)
AH,°

v

AH,° Br,(g)

0
AH,

v

2Br(g) —* > 2Br (g)

v Mg(g) EEEUEEN Mg™ (g)

AH1 + AH2 + AH3 + AH4
+ 2AH5 +u

- 524 = 148 + 2187 + 31 + 193



+(2x-331)+u — [S (upfwim) + S° (H,0)]

-524= 1897 +u AS%= [2x192.5+213.5]
u= -524 - 1897 - [173.8 + 70]
u= ~ 2421 kJ mol™! AS 0= [598.5] - [243.8]

AS 9= 3547 mol ! K!

5 Siey
QBM(b&SSHLILLL 606U 7.  &iey
T, =127°C =127 + 273 = 400 K QBN (bSELILLL a6
TC:470C=47+273:320K T, = 351K
BuisGsEmer 565D 1 = ? AH,, =39840] mol!
T -T
n= h C:|><10() AS, =7
- h AS AHvap
400-320 v
n=——2|x100 T,
400
_ 39840
80 ASV =
400 1 -1
- AS, =113.5] K~ mol
n=20%
, 8. ‘
6. &ie Sirey
o Q&BM(bSBLILLL 616U
QBM(bSBLILLL 616U

SO (upflusm) = 173.8 ] mol~! K- AH = -10 kJ mol™! = -10000 J mol™!
$° (H,0) = 70 J mol~! K-! AS = -20J K~ mol™!

$° (CO,) = 213.5 ] mol"! K- T= 300K

S0 (NH,) = 192.5 ] mol-! K-! AG= 7

NH, - CO - NH, +H,0 - AG= AH-TAS

AG= - 10 kJ mol™' - 300 K x
2NH, + CO, (-20x107) kJ K~! mol™!
AS 0=3(8° rounae— (S’
r ( )eﬁ]emmsﬂm)muaurr@m (%) AG= (-10+6) k] mol™!
ellemeoTLIbLIOILIMIHEIT
_ -1
ASrO = [28° (NH,) + g0 (CO,)] AG= -4KkJmol

At 600 K

302



60T

AG= -10kJ mol! - 600K

x (=20x1073) k] K~! mol™!
AG = (-10 + 12) k] mol™!
AG = +2kJmol!

300K eeuliLflemeouiled AG
wHly edisepdiyenrwgs  GCuaidb
eXlemeor &60T6011 56 &I 60T &l S} 60TIMED
600 K eeuiuflemeouiled AG eo1 &Y
CrisenysnLwsndng Cuaid efemeor

60160 | FEDFWIMHM &.

10.

11.
12.

13.
14.
15.
16.
17.

T
ke

Y W) =

gflwmeor ellemLemwid O\5fleYy CO\FILIS.

(25) AH

(FF) &LIg.60m SHMHMEDd &6EmMU|LD
() =0

(F)=0

() w=-AU

1Blemm
(FF) seroeney

(1) = 9007
(=) TS TEHGSH HLY 2_emL g
() - 67.6 kcal

(1) emeundHemd el HImemUL SH &
IHleme0LIL|SSH60TEMLOS E\&IT6OTL &)

(FF) - 462 kJ

() 2_gmitey SHmHmed
() AH < AU

(&) +3K]

(1) -2.48 kJ

(25) -500 R

b-2a
™)

303

18.

20.
21.
22.
23.
24.

25.

(FF) - 635.66 k]

(@) 80 k] mol™!

(2) AH < 0 and AS > 0

(8) eeuiub wrom efifleuenL G6d
(FF) (= = +)

(&%) 27°C

() CaCO,4(S) — CaO(S) + CO,(g)

(1) 300K

LI6LEUMILILIL] 6160TIT S8 (61H& & M60T

ellemL &@MILIL &6

w=-PAYV
w=-(1x10°Nm72)

(1x102m3-1x103m?)
w=-10"(10"2-10"3) Nm
w=-10°(10-1)10"3)]J
w=-10°(9%x1073)]
w=-9x10%]

w=-900]

CO(g) + % 0,(g) = CO,(g)
AH_ (CO) = AH, (CO,) - AH{CO) +
AH, (0,)]

AH? (CO) = AH; (CO,) - AH{CO) +
AH, (0,)]

AH (CO) = - 94 KCal - [- 264
KCal + 0]

AH? (CO) = - 94 KCal + 26.4 KCal



AH? (CO,) = - 67.4 KCal

11.
2Al + Cr, 0, — 2Cr + AL, O,
AH® = [2AH, (Cr) + AH; (AL, 0,)]
- [2AH; (Al) + AH; (Cr,0,)]
AH.® = [0 + (- 1596 k])]
— [0+ (- 1134)]
AH = - 1596 kJ + 1134 kJ
AH? = - 462 K]
14.
AU=q+w
AU=-1Kk] +4Kk]
AU = + 3KkJ
15.

Fe + 2HCIl — FeCl2 +H,

& Clomed SpLoL 1GLomed em L [T 83607
eumujeme eueflGunHmISm &i.

55.85 g @mioy= 1Gomed Loy
sn=1

T=25C=298K

w=-PAYV

W:_P£ﬂ]
P

w = - nRT

w=-1x8.314x 298]
w=-2477.57]

~2.48kJ

w

16.
T,=125°C=398K
T,=25°C=298K

5
AH=2><5R(298—398)

AH =-500R

17.

C+0,— CO, AH
(i)
2C0 + 0, 2C0,

-aKJ

AH? = -b kJ

c%oz —>COAH’ =?

(i) x2

2C +20,—2CO, AH’=-2ak]

gleotun( (ii) & Sl erpsis

2C0, —»2CO0+0, AH’=+bk

(iii) + (iv)

2C+0,—>2COAH=b -2ak]
(v)

C+0,>COAH’ = kJ

(b—2a)
2
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18.

Siey

Q&MbSHHLILL L 6m6N
AH (CH,) = - 890 kJ mol~!
AH. (C;Hg) = - 2220 k] mol™!

SeDemeUIneoTd X L] WHBsHemevtiyd (15.68 — x) Ol YIrliGUemeoTld 6\&mesor(h
BUUsSTEHS &IHEIS

CH4 + 202 - CO2 + ZHZO

X 2X
C3H8 + 502 — 3CO2 + 4H20
(15.68 - x) 5(15.68 - x)

eflemevtLILIL L Sy &dlgefledr sevtieney = 2x + 78.4 — 5x = 32 60lLLL
78.4 - 3x =32
3x = 46.4 9L

X =15.47 edl_L[

O&BMb&SBLILL(beTeT SHedemeullinerd 15.47 OLLT WHBsemeoryyd 0.213 e L yriGuemeoTub
Q\&MTevTT(heTeN &l. 6T60TG6U

AH, (CH AH, (C,H
sl =| | A8 CHI T i |4 || A D 45 65—y it
2241t 2241t
—890 kJ mol ™' -
A =|| 2209mol s e [+ 2222 021 1t
2241t 2241t

AH, =[-614.66 kJmol™ |+ [-20.81 kJmol |

AH_ =635.47 k] mol™

19.
4E. 4 =360 kJ mol™!

Ec y =90 kJ mol!
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Ec c+6E- ; =620k] mol™!

Ec o +6x90 =620kJ mol™!

Ec o+540  =620kJ mol™!
Ec ¢ =80 kJ mol!
23.
AH
AS, =—
T
AH, 4800 ] mol™ .
T, = - ——=300K=27"C
AS, 16]Jmol” K
25.

AG=AH-TAS
At 300K
AG = 30000 ] mol-! - 300 K
x 100 J K- mol~!
AG= 0
300 K Gwed AG peurs) erdlis@n wdllifenerl aumIFng).Goab eXlement $eoTeufl&6mEWITeoT &)

&(HSHLNS elemLwweflsHs Geuetoriql 660TT&H&EHE&ESMET eXlemL &GSMILIL&6IT:

53.  Siey

Q&BM(bHSLILILL 6m6l
n= 2 moles
V,= 500 ml=0.5lit
V= 2lit
T= 250C =298 K
w = -2.303 nRTlog (%j
w= -2.303 x 2 x 8.3141>< 298

x log (ij
0.5

w= -2.303 x 2 x8.314

x 298 x log(4)
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w= -2.303 x2x8.314 56.

x 298 x 0.6021 Siey
w= —-6871] Q&M(b&HSLILL L 6n6
w=  —6.871k] n = 1mole
P=4.1atm
ey V=2 Lit
Q& M(b&&LUILLL 6m6Y T2
T,=298 K 37107
q:
T,=298.45 K As 4
k=25K K! Tq
m = 3.5g 1R
n
_ nR
M_ =28 A - PRq
PV

o 1fptu’L eeulud =k AT

=k (T,-T.
(Te=T)) AS 1x0.082 litatm K" x3710]

4.1atm x 2 lit

=2.5kJ] K71 (298.45-298)K

= 1.125k]
1.125

e -1
AH = = x 28 kJ mol g Lx0082litatm K™ x3710]

4.1atm x 2 lit

AH_= 9 kJ mol™!

. AS =37.10 JK~!
Sirey
c e 57.
Q\BM(bHSHLLIL L 606
_ 770 — _ ]
T gepioiy, = 77°C = (77 + 273) = 350 K ey
T@[.pﬁi): 330C=(33+273)=306K O&M(bSBLILLL 66U
q=245] AH,(NaCl) = 30.4 k] = 30400 ] mol™!
q —245
_ = =—_ -1
AS gemiotiy™ Tygpg, 350 = ~0-7 JK AS{NaCl) = 28.4 JK! mol !
o= q _ +245_ -1
AS%@W ﬁmg_qﬁ +0.8 JK T.=?
AS@IGUUTLLD - Asslanwlju * Asegl\.pm AH
AS, = T £
AS g s in = —0.7 JK-1+0.8JK! £
AH
AS, . .=0.1]JK! T =200
SI600TLLD f ASf
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30400 ] mol™ 59.

£ - -
28.4] K mol ! S. . esndflens |AH ( kJ
No | HTeud (°C) mol!)
T,=1070.4 K
| | eéseomed 78.4 +42.4
58.

Sie o |eLngefer | 110.6 +35.2

Q&BMbSHHLILL L 6m6d Sie)
C,H, + 50, = 3CO, + 4H,0 TESEOTTVIES
AH® = ~2220.2 k] mol! ————— (1) QBM(b&HSLILILL 6m6l
C+0. - CO T, =78.4°C = (78.4 +273)

2 2
=3514K
AH? = -393.5k] mol ™! ————— (2)
1 AH, (er5601M6d) = + 42.4 k] mol ™!

H,+ 70,—>HO

2T 2 Y 2

0 | AS. — AH,,
AH! = -285.8 kJ mol™! ————— (3) Yoo
3C+4H, » C,H _
2 7 +42.4 k] mol™

AH, =7 Y 3514K

AH{ = -1180.5k]  ————- (4) v 3514 K

3) x4=4H,+20, — 4H,O
(3) 2 2 2 ASy, = +120.66 ] K~! mol ™!

AH) = -1143.2 k] ————— (5) eILmeielieor

(4) + (5) - (1)= 3C + 30, + 4H, + 20, QO&M(b&H&LILL L 6m6
+ 3CO, + 4H,0 — 3CO, + 4H,0 +

T, =110.6°C = (110.6+273)
C,Hg + 50, b

=383.6 K
AH; = -1180.5-1143.2

AH,, (enayefietr) = + 35.2 k] mol ™
—(-2220.2) kJ
AH

AS, = Y
3C+4H, - CH, v
AH;} =-103.5k

! J AS +35.2kJ mol™
yruGuenfleor Sl ©_(Heum&Hed Gl6uLILLD v 383.6 K

AH (C,H,) = -103.5 k]
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60.

(@)

(ii)

61.

+35200 ] mol ™" AG®=-2.303 RT log K,
v = .
- A
383.6 K logK.. - G
9 2.303RT
AS,=+91.76 ] K-! mol™!
(AHO —TASO)
logK, =—~——~
Sirey a 2.303RT
i}
Q&HM(b&S&HLILL L 6m6U

77200 — 400 x 122 J

log Keq =— [
AH = 30.56 k] mol—l 2.303x8.314 x 400

= 30560 J mol~! logK_ =— 28400
d 7659
AS = 6.66 x 103 kJK 'mol™!

. log K, =~ 3.7080
T = ? at which AG=0 4

Keq = antilog (-3.7080)

AG = AH - TAS
K =1.95x107*
0=AH - TAS 4
62.

r_AH

T AS Siey

Q&MbSHHLILL L 6m6N
30.56kJmol™
~ 6.66 x10°KJK 'mol T = 298K ; AU = — 742.4 k] mol~!
AH =72
T=4589K AH= AU +An RT
4589K ae).!uurfﬂ?ma) AG = 0 eflemeor AH= AU +(n-n)RT
gloflemeouied 2_eTerng. bt
, , , AH = —742.4 +[z—3]
eauliuflemer 4589K&@ &6 2 _eier 2
Gurg AH > T A S whmid x 8.314 x1073 x 298
AG = AH - T A S > 0, aeorGeu =—742.4 + (0.5 x 8.314 x1072 x 298)
(peorGevtmédl eXlem6uTILIM60T )l
seoTeuflEemEwnm ) eTGeoTmSH &L =-7424 +1.24
sllemer Hlapo. — — 741.16 k] mol™!
63.
Sy Siey
Q&BM(bHSLILLL 6m6l . e
Q&BIT(bB':&SLILILI_GlDG).I

_ . 0_ -1=
T = 400K ; AHY = 77.2 k] mol~*=77200 EC—H — 414 kJ mol™!

J mol~!; AS9 =122 JK~! mol~!
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E._c =347 kJ mol™!
Ec_c =618 kJ mol™!

Ey g = 435k] mol™!

H
H\C/H - H\l/H
[ | — ]
H/ \H H//C\H
H
6T & &) 60 60T /5 Ga6im

AH, = 2 (femevorliy SHHmev).

- 3 (ewemiiy SpHo),

AH, = (E_o+4E-_+Ey )
— (Bc_c+ 6Ec_py)
AH, = (618 + (4 x 414) + 435)
— (347 +(6 x 414) )
AH = 2709 - 2831
AH, = -122Kk] mol!
64.
Siey

AH,
Ca(s) + Cl,(g)—> CaCl(s)

0 0
AH, AH, U
AH]
2Cl(g) —2CI(g)
AH, +
Ca(g) Ca?* (g)
AH, = AH, + AH, + AH,

+2AH4+u

=795 121 + 2422 + 242.8

+ (2 x=355) +u

310

(AH

66.

=795 = 2785.8 - 710 + u

=795 = 2075.8 + u
-795 - 2075.8

-2870.8 k] mol~!

Siey

Q&MbSHHLILL L 6m6d
AH, (Fe,0,) = =741 kJ mol™!
AH((CO) = -137 k] mol ™!
AH{(CO,) = -394.5 kJ mol!
Fe,0, + 3CO — 2Fe + 3CO, AHr=¢

AHr = 3(AH >

f)e)ﬁ]smsuraﬁlsmerr eum@BeT

f)sﬁlsmsmu(b e per
AHr = [2 AH,(Fe) + 3AH;(CO,)]
— [AH;(Fe,O;) + 3AH(CO)]
AHr = [0+ 3 (=394.5)]
- [-741 +3 (-137)]
AHr = [~1183.5] - [~1152]
AHr = -1183.5 + 1152

AHr = -31.5 k] mol™!

Siey
Q&MbSHHLILL L 6m6d
T=175°C =175+ 273 = 448K

1 - 6lueTemL6vfledT Q&FM6Y

[A] =1.3%

2 - eueTemL6vfledT Q\FMl6Y

[B] = 95.2%

1,2— euedTLmemLuJeofledr a&niley

[C] =3.5%



g hleneouiled AG®=-2.303 x 8.314 x 33 x log 2

B0 A AGY=-190.18 ] mol™!
95.2% 1.3% = 68.
K, = =2 =0.0136 ey
95.2 . .
Q&BMbSHHLILL L 6m6U
BO C
AH{ (SO,)  =-297 kJ mol™!
95.2% 3.5% =
AH; (SO,)  =-396 kJ mol™!
35
K,= ——=0.0367 1
2 _ o _
95.2 $O,+ 5 0,80, AH; =2
0 = —
= AG, =-2.303 RTlogK, AH' = (AH! )compound
0 - —
AG]  =-2.303 x 8.314 x 448 3 (AH)) s
x log 0.0136 AH' = AH? (SO,) — (AH? (SO,) + % AH’ (oz)j
AG] = +16010]
o =
-1
= AGY= - 2303 RT log K, ~ (=297 kJ mol™ + 0)
AG!  =-2.303 x 8.314 x 448 AH; = =396 k] mol ™ + 297
x log 0.0367 A, = — 99 kJ mol !
AG)  =+12312] 69.
AG! = +12312K) Site
pu Q&BMbSHHLILL L 6med
iy T=298K
OBTbSBLILIL awe AH =400 ] mol™! = 400 ] mol™!
T = 33K AS=0.2 ] K_l 1'1'101_1
2yTIbLE Eriey 100% 0 if T=2000K
Ij]mGODB'JU_IGODI_'I"_F)g) Q&ﬂjlﬁll 50% _ AG =400 - (02 X 2000) =0
sofeeulgieter 0smdley  50%  100% if T >2000 K
_ 100 _, AG will be negative.
™ 50
AG® =-2.303 RTlogK The reaction would be spontaneous
: eq

only beyond 2000K
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70.

71.

734 —-x=6.11
siiey X = 1.23 0L
Q&BMbSHHLILL L 6m6d QBM(bSHHLILIL L& &HEDEMELULLITEDTS)

123 Ll 5sBCsemeniyd 244 &OILLIT

T=298K 15 F6SemenTid 6\BMeTuT(h6iT6NE). 6T60TE6Y
AG!  =-13.6k] mol! AH. (CH.)
0 AH, = — Y (%)
AG =—2.303 RT log Keq 224
~AG’
loc K =——— AH_ (C,H,)
08 Req 2303 RT + [# X (3.67 —x)
13.6kJ mol
logK_ = —~ -
8 Beq 2.303x 8.314x103JK " mol ' x 298 K AH. = 890 kJ mol x1.23
¢ 22.4
logK,. =2.38
q —1423
. X (3.67—1.23)
Keq = antilog (2.38)
K, =239.88
d AH = [-48.87 k] mol™!]
+ [-155k] mol™!]
Sirey
AH.= -203.87 k] mol™!
Q&BM(bHSLILLL 6m6l
AH-(CH,)  =-890k] mol™!
AH-(C,H,)  =-1423kJ mol™!
QBM(b&HSLILL L &HEDEM6) X

OlLLT WBsBxemeotyld (3.67 — x) Ol

T SHE56mEDTWID C\BTETOT(bETENTHTHS &H(HEIS.

CH, + 20, - CO, + 2H,0
X 0Lt X e0ILT
C,H,+30,— 2CO, + 2H,0

(3.67-x)edl_Li 2 (3.67 - X)

SOl LT

eXlemeuTLILIL L S &dleeufledr SHevTieney =

X +2 (3.67-x) = 6.11 0" Lif

X+ 7.34-2x=6.11
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Basic concept of chemistry, L. J. Malone, T. O. Dolter, 8th Edition.

N moe » D

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Chemistry in your life, Colin Baird, 2nd Bdition.

Chemistry structure and properties, N. J. Tro, 24 Edition.

General chemistry, R. Chang, 5 Edition.

Introductory chemistry for today, S. L. Seagal, M. R. Slabaugh, 8t Edition.

Basic Inorganic Chemistry, E. A. cotton, G. Wilkinson and P. L. Gaus, 3'¢ Edition.

Inorganic chemistry principles structure and reactivity, O. K. Medhi, E. A. Keiter,
J. E. Huheey, R. L. Keiter, 4" Edition.

Inorganic chemistry, A. K. De.

Inorganic chemistry, Holleman-wiberg, 1% Edition.

Elements of physical chemistry, P. Atkins, 7t Edition.

Physical chemistry, I. Levine, 6 Edition..

Physical chemistry, G. Mortimer, 31d Edition.

Advanced organic chemistry, Reactions, Mechanism and structure, J. March, 4th Edition.
Advanced organic chemistry, A. Bahl.

Introduction to organic chemistry, J. McMurry, 7" Edition.

Organic Chemistry, LL Finar, 5 Edition.

Organic chemistry, R. T. Morrison, R. N. Boyd, 7t Edition.

Organic chemistry, L. G. Wade, 8t Edition.

Organic chemistry, J. McMurry, 9" Edition.

Organic chemistry, E. A.Carey, 10" Edition.
Environmental chemistry, R. P. Schwarzenbach, P. M. Gschwend, D. M. Imboden, 3™ Edition.

313



E\FTM &6 EHFILILD

Absolute zero

Sestlga )

Absorption spectra

o2 L' Sauj BDLOTen eV

Adiabatic process

QeuLiuh rprd QFwedLpenmn

Alkali metals

17 o G6vTdmIFer

Alkaline earth metals

FSTFLOGST © G6vTH BIFHET

Allotropes LmCaupmienLo eIl UBIEaT
Amphoteric AL GO Ly GiTer

amu 2| Blevp oG

Anion TS FLO)GOT 9 i Gt

Anode ray Gpifaiaumuis %&d
Anomalous (LPTERTLIL L

Aqueous solution

bI% H69IFe0

Armor plates ST 5L
Artificial silk QewupensLi L
Baking soda Faniowed GFmm
Boundary TGO GV

Bunsen flame L|GTFGT &L}
Catalyst flen a5 %)
Cathode ray TP iLleTeuTuis S
Cation Gpy LAleer oywiesf)
Caustic soda A GamL_m
Combustion TS
Compression FhmIGF CFUISe
Concept CsmaTens

Covalent radius

FHLILNeneRTLIL] 9, TLD

Critical constants

BleoevLommy Lommledls eir

Decomposition

FenF 60

Diagonal relation

epemevalll L g QS Mgy

Diffusion

aflgaysa

Dipole moment

QB pe»TIS B (BLILISFD 65T
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Direct proportion

Crial%ss Glam_iL

Discharge tube

erefime s @ Lpmul

Disproportionation

NEGF Feng e

Dual behavior

AW LS FeTew LD

Efficiency

Smar

Electron affinity

GTGU& L [JTGHT [BTL L LD

Electronegativity

6TGVS L JITGIT &6 FH) D GoT

Electrostatic attraction

BlewevLBleTesi ) Fauiss)

Emission spectra 2 101 BlmLoTEnev
Empirical formula eroflw a8 eumuiLiLim®
Equivalent mass FLOAGST Blewm

Excited state Keriay Blevev
Expansion aflfleuenL_gev
Fertilizers 2 JBI% eI

Formation 2 (HeUMTHSBLD

Gaseous state

QMUY [Bl6DeVemLD

Ground state 919 Blen v (F1% IS [lenev)
Hard water &19.&T b1f

Hardness L9 GTSSGTGHLD

Heat capacity QeuliL I FBmar

Heavy water S&T b1

Heterogeneous mixture

LIGVLILY &% TGS SV

Homogeneous mixture RHLILYSHS TGS FH6VGH o
Hydrogen bonding e L 7gaT LeneRTLiL)
Ideal gases BOIGOL| GMITULES 6T

Inter molecular

PGV BIn M F @SB eHL_LILIL L

Inner transition metals

2 6T Q)»L_Blenevs e LomI%aT

Insoluble

H6 T TH S GG LD

Internal energy

=3I% 24D DG

Ion exchange

QwestlLl LfoapmLd

Ionic radius < wesh) guLb
Ionisation energy QWIGTIWITH G LD 4B D6
Irreversible Barrd GlFwedLpenm

Isobaric process

QY (LPSBLD LMD 1F Q) FWEOLpemD

Isochoric process

ST TR LOMDTF ClFW GO LHe»D

Isoelectronic species

RIS 6T6VH L TT6T 9eWLOLIL| O\ FTGHTL Fon ) F T

IUPAC

International Union of Pure and Applied Chemistry

Lather

BT
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Lattice energy

LI 5 Fn(B) 4D DGV

Laundering Fema OFuiFed

Lime stone aewreITioL s e CaCO;,
Linear CriCasr_® augeaitd

Lone pair Seslss @ eni

Matter QLimhesTED LD

Milk of lime gesrantmoLLl Limed- Ca(OH),
Milk of magnesia Gogefefluir Lirediod Mg(OH),
Naphthalene balls BMoSLISGOGT o (hesTanL_ () T8 &P LyILD)
Negligible LD &S cE51 555555
Neutralisation 5B )6 0 W TESH 6D

nm CrGmm LB L_g

Non-spontaneous process

sareflFemFwpm OFuwedLpeoD

Octahedron T (Lp &)

Octaves 6TL_ () eTewsTenllBenas Glgmest_ CsT&%P (a group of eight)
Octet rule eTewTLD @I G)

Operator QFw el

Oxidation 2 FadleGarpmLd

Oxidation number

2%l CaTmm eTewT

Path function & FmiLy

Periodic table 2 QUTSB T 3L L_6UGHGET
Photoelectric effect RN aflewaray
Plaster of Paris Limfed FEs)

pm OCsT LB L
Polarisation (LPEOGTUTESH
Polarisibility (LPGOGTRU TS G LD B 6o
Polyatomic molecule LIGOGUGR) PLP VST D)
Precipitate afLpLig ey

Quantity Qumpefer syetey
Quick lime &L 1 sewresstmibL]-CaO
Radioactive elements DN wSSS &6st|LomISH 6T
Reagent ofencrd & e

Redox 23,8602 Carpm-6 (HSHLD
Reduction ROSHLD

Relative atomic mass RULIL| e Blewn
Reversible process LBair QFwedLpewD
Saturated solution BledDe DD 69 TF6D
Scattering [ZES IR T0)

316




Shielding effect

LOEDSFHD QD66

SI unit

System International 96

Slaked lime - Ca(OH),

BISS FeRTewTTLOL]

Soluble

FH6O TUIFH T LG U]

Sparingly soluble LGBWTSE ST LD SETGHLD
Spin BHFLDE

Spontaneous process el Fengd OFwed(Lpemm
State function BleovdFmiLy

Sublimation LIS BISLOTS G
Surroundings FOmILILDLD

Synthesis AECELEY

Tetrahedron BAGI(LPS)

Thermal equilibrium

QeuLiug FoFleoe

Trans uranium elements

Y Crelwgens CSTL_[b% aUhLD S6oTILOBISGT

Transition metals Qe Blenevs FeilLomisar
Triads (LPLOGOLDF GIT
Uncertainty BIFFWILDDD FGET6HLD

Unified mass

UTWMISSLILIL L Blevm

Universe

9| GBTL_LD

Unsaturated compound

Bleopeymrd CFiLoLd

Valence electrons

() HTH DT 6TeVS L TTTH AT

Valency @) v a1 G D Gir
Vapour pressure 24,0 9 (LpSHLD
Vapourisation YOIl E10)
Viscosity LITGBle» VS S GTeLD
Wave function SYEEVF FTILY
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6(BhIHlemevoTLILITETT
1Coelq (peuflamsl
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LIML_[HITED &0

LITL_[BTED &_(H6UT&HE &(LQ

LrsLi. S. Agbur eflpmugsn

WHELEUT (PSEIHETHSITT T8 HEWEDE SO
GumompngLTid

LnéLE S. SIH6T S 6vorL60f]
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