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ARUN 11,1 p-sciich o dval ol AHT FHaE(+eh Ta-ITd U SITaRITeRIUT JTawaTd
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3Td: s-scllsh oh goloh dwd ofiiodd TS aifaayg &t
oife p-scifeh o off GaIg goloh acd =TT TRIeTd i
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i ¢ &Y S €, W T d-heh (dn —pr L
dn —dr) GfAfad & &1 dfk d-FerRl w1 Sl
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11.1 99E 13 o a9 : S gRAr

o W 59 e o oY ge el YR i E1 6

(B) T WU Seg 2, T (Al) ¥1g €, T
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WA fogm

o™ (Ga), 3fea (In) @ Sfemw (1) ToreEt o
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faord €1 Uit a9 g-qdd § Sgeadr (8.3%)
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TR <91 H I8 gEId: HeT YaWl, i, SSMT qefl
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gfeam qen dfeem gsfa & 7€ agd &8 9&0 o
frera 21

RO 11.2 WY 13 () el & WuTivaes ud difae Tor
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T B Al Ga In Tl
LT IR 5 13 31 49 81
] g99H/g mol!| 10.81 26.98 69.72 114.82 204.38
TR T [He]2s2p' | [Ne]3s23p' | [Ar]3d'°4s%4p' | [Kr]4d!°5s25p' | [Xe]4f45d'°6s26p!
] 541/ pme (85) 143 135 167 170
CIPEIREER | (27) 53.5 62.0 80.0 88.5
M3+/pmb
At e - - 120 140 150
M*/pm
EIRER] AH, 801 577 579 558 589
et AH, 2427 1816 1979 1820 1971
(kJ mol) | AH, 3659 2744 2962 2704 2877
o[ M 2.0 1.5 1.6 1.7 1.8
¥ /g em 2.35 2.70 5.90 7.31 11.85
298 K W
el / K 2453 933 303 430 576
FaUAIHR/ K 3923 2740 2676 2353 1730
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2E (s)+ N, (g)—2>—>2EN(s) (E = T)

e § T S W TR AR hi Ypfd
qiEfdd gt St 81 SR TESATHES T Tehid
1 EIAT § dU1 gRe (uifee) seEEe 9 R
FXeh Hlfcaeh SN ST 1 Uegeifae qen difersm &
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et o SfeEe TUeH § AR Wehid o g €
(ii) 3T UH &R o ufa rfuferarsiterar
AR 3T T &R o WY IS TR TRl e €, WY
THifm @f st st qen selta &Rl o S S 2l
Whetd: Uepifem Seerert 7o wefi s 21 UepEtEm
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g AEfeh 3T Al i Tag W SRS i
Tag s 39 fAfeRg X a1 @1 Uoqeiifem s
AR @ fora hich SIZeReeH faEfsa wid Bl

2Al (s) + 2NaOH(aq) + 6H,0(1)
d
2 Na*[Al(OH), I (ag) + 3H,(g)
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UdfEe (I11) 3T
(iii) TS oF wfa sfaferarsiiemr
TII, % BIEH HYE-13 o T galiod © fohan #Th
MRS I &
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(X=F, Cl, Br,1])
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11.2 S0A et Ugfa qom 1E6Td
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Tg-13 o T o TEEH FOER HT ST HH
W D HewqUl qeT WEA A §| TH HUE o Gl
adll o IRIERIES, SAUES U6 AAeRe gqas
Wi % B o HRUI Sol-Srusied g S &1 9
o Jfafed o= 9t I ol agohcishia Tieis
[M(OH),|- T ST<hetehia [M(H,0), |** el STedid
faerem o Sufterd wd 2

Kiciicad Teheleh (Monomeri) ?B%@Sﬁigﬁ
I M o HRT YA TR A o HHM TER HI
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F UY AT o Sheld TRATY T 37k T0f Hd T

F,B+:NH, — >F,B « NH,

AR | d-hereh STUTErd ed B Teld: SHeR!
Aferhan HaASThdl 4 8 Gehdl 21 Hfh Al d 1=
i § d werh SURHd B ©, o1: ST Sy
GAShdl 4 9 31fush & Gehdl 1 SRR 31T ¥
TAREE (IIEIMG—AIC],) TgTe TS T R
fghaeta &1 S § (ALCI)| T o1g ARl § e
TS TUsT W Tolaei TeU Y Sl T Ui
Exold

IEEIOT 1.3

IR BFS- 3T &l SH1 Hehdl | HhT AR
Hiferg|

&'A
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307

T oTe® w1 TIR F § ormed Bl 7
3d: THHI AfUhay FaShdl 4 9 3fuer &l
B "l e

11.3 SR o $® gAYl Aifieh

G e S A e apiry e
el SEERA &1 9ok TEIEA 1 I1HIA 'H HeY H
Eauf

11.3.1 SR

IE TR 1 HEU AT B A€ v et oM
€, fS9®T 99 Na,B,0,.10H,0 Bl 7| qearcish &1

¥ T wgehEE s [B,O, (OH), | &t 2
3T TUHT SUGHI G Na,[B,O, (OH),].8H,0 Bl &l
IR ST H SR e T oA 2l

Na,B,O,+7H,0 — 2NaOH + 4H,BO,
aneffeifien 3t
TH fFT 9H W IR T8 S K ] H
FIahTER a1 © qe et S €1 OH: TR fhy S W W
IE Teh UNEY 5o | UREfdd e Sar ®, S hid o
U T 39 ¥ qfiafdd 81 Sl 21 SY SRe eht
(Borax Bead)%ﬁ%—

Na,B,0,.10H,0 —>—>Na,B,0, —>—>2NaBO,
Hifegd HerEne +B,0,

i TTRTESES

fafsm dequr aeal o Hereie 1 fafire T g

2, e SMYR W 2 dedl 1 UeEE H SR Hh]
THETUT (Borax Bead Test) &1 YA YIRS |
B B ICEONY - IR H hlaee SATFEE
(CoO) o H¥ & o) T TRA foharl Sl ©, 7 el

T 1 T [Co(BO,),] T &l

11.3.2 3MATSAHR 3TA

ST 37t H,BO, T ¥ad feeet 34 i 2,
et @t wel g ?1 A% S A steufaem,
W TH A ¥ gl foem g R s aRew %
Seftd forerm 1 STiiehd Hteh Sl S Hehdl 2

Na,B,0, + 2HCI + 5H,0 — 2NaCl + 4B(OH),

27477

T SR ob AR AMTehi (SH—2eTES, TESES
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3MMR) o SIA-3TTeed g/ (ST a1 Jaal 3TFd |
fSre ohtch) ST ST Wehdl €1 SHT WA T
2t , STef BO, 1 ShTedl B1egioM 54 gRT el el
g (fe 11.1)1

¢"
H ’

|O/
“H B~ .
~ o (I)
lﬁ H

.0 (@)

- H™ g~ > H
o B H. -~
@) | O

H lB H~ 0. é
SNA” P H
o ~NO ~o~ ~0

g g

forg 11.1 9IR% 3T %1 GC=1 § fag@a @ gEeiod
SEY H1 G FAl B

e 3Tt T o A oA §1 A8 Fie
e el ®, W wregiiede SEH 9§ Tk goeed I
TEUT T o HRUT o5 A 1 Hifd HeeR Hidl B

B(OH), + 2HOH — [B(OH) |-+ H,O*

370 K ¥ 3ifys a9 W MW fer S W
et ol Wereifits e (HBO,) sl @, S
SR sifus TWE wH W Afw e (B,0,) #
uftafda & s 2

H,BO, A, HBO, A, B,O,

ITEIOT 1.4
qifeh T 1 Teh gocl 3T A WA T 82

&l

Hifeh 377 o1 Teh gl 37 THfTT /AT 01 €,
Hifh F8 AT W[ 1 FehrEe el s 2
IE Sl o AU W BESGNAA P (OH) U
HTh ST ST YUl T € qe HY Frewifaa
F T

WA faam

11.3,3 EEERA, BH,
IR T A1q TATH TEYRES SEARA 21 38 SEUra
ge 1 Suftfd § S ZEHRISANES H1 LIAIH, 9
[ERCTCaCE Rl NI
4BF, + 3 LiAlH, — 2B,H, + 3LiF + 3AIF,
TN § SEaRA sFM 2q difead dRieEgEs
1 SATRAHTOT SN o @i fman S @)
2NaBH, + I, — B,H, + 2Nal + H,
feEfiTes &9 ¥ SEEARA SR TEHRISANES ae
Hifeaw gEgEe &1 fHa g/ o=@ S 2

2BF, + 6NaH —22°K_, B H, + 6NaF

BN 3Feid STediell Wi 1 7, foreht aeerien
180 K B| 7€ a1 o Hueh § 3T W w@F wel 33t
21 Te AT 1 Suftefq H ot e
IS H g SeAdl 2

B,H,+30, —» B,0; + 3H,0;

AH® =-1976 kJ mol ™"

YR I=a aRA +ff a1 oF Hueh | oM W
T e o 1 SRA Sel o 1 el ¥ Siel-aTEfed
TRt ifteh ot T 2

B,H, (g) + 6H,0(1) — 2B(OH),(aq) + 6H,(g)

TRANA ¢Ed &R (L) o @ fagem sifafsan
W TH AT AR (BH, L) <@ 2

B,H, + 2 NMe, — 2BH, .NMe,

B,H, + 2 CO — 2BH, . CO

TEART W A @ eAfufear ¥ URY o
B,H,.2NH, 31 2, 5% 9 [BH,(NH,) 5 | [BH,] 51T
TR fear S 21 e IR ek TRE B R BN, H,
<1 81 30 Tehick BH T NH 9981 o 9% -G
o Uiged | AehTeieh sisi (Inorganic Benzene) EQ
®9 4 S S R

3B,H,+6NH, — 3[BH, (NH,),|*
[BH,] —2€t ;9B .N.H,+12H,

SRR &1 A &1 97 11.2 (F) g/
<9I T B sed fierel W gTEgie IRAT] qe
T S THTT] T € q W Bid 81 39 a9 o HW
dern = 3 IqaY (Bridging) SEgISH YA g




p-sieh dw

2| fe™ =R B - H 99 9= fgans - Tesarae
(Two Centre-two Electron) §¥ EEI] % SEIER
Aqad (B - H - B) 94 foe R o g4 8, o
‘Trehgia fozaiaei a4’ ®ed €1 fe 1.2 (@)1

far 11.2 (%) SEaRT %1 (B,H,) qC=

H H H
VL VO RENC
S~ B B
& @&\ N\

H H H

(@)

forg 11.2 (@) TEARA | S4F| SEART § Jd% aRiT THT]
sp’ HRa glar 81 87 FR sp” GHRd Heehl § 4
T ST RIed gial €, 1579 fagea @il (Dotted
Lines) BRI g¥191 741 &1 RReret B - H QA=
e g f5seiaziv (2c - 2¢) 4 &, Sl g Ggae
(B - H - B) (abs1a-fggdiaiq (3¢ - 2¢) 81 54
‘ST’ (Banana Bond) 4T #&d ?\’l

TN, BEEEEARE T Teh SJ@e 1 0T FHd
2, fogd wqeheri@ [BH,| 3@" wq@ 7| fafm
et o JCEEgEeENe T B ofifeaw qen difgem
% EEIESENE #I ARIEESEE W wed T 3%
T BIESIES i SEUITEeR T Jufer(d H SEand d
Afufera ik SN ST Hehal B

2MH + B,H, — 2 M* [BH,|-
(M = Li 379197 Na)

FHTafeh FYATON H I LiBH, Te NaBH, 1
YA ST o T4 | Bl {1 31 Hifch dRERgRe
Eici| 3% TRfYes Teret (Starting Material) & ®Y
o S9N ® o S 2l
11.4 SO, USHITEH 99T 3R

dGTeRl o ST
e Terieh, et s, e SrgereeraRan qen srefues
ETI (Refractory) B o RO SR o 3H 81'3’9’41“
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&1 IR 99 (Fibers) &1 START Joigy® Sfehe T M
H qen g o getoh e qaref o frafor & g #)
ARA-10 (1°B) FHEAR H M- 3TeRIT0T i AT
o &l Bidl 81 3Ta: ATehta ST | wifeeh dge!
FT I YRRETT Fa= (Protective Shield) e
IRREED @@ (Control Rods) o ®Y H Bl %I IR
e Sifeh 3Tt o1 Y& SAEifien SYANT S=d A ©g
i (Heat Resistant Glasses), éﬂi—w@m (Pyrex),
T qel hIEe TAE S W B €1 SaRe
U w1t ok 2Rl T (Soldering) ok feTT TMeTeh
(Flux) o ®9 H; S, e (Strain) 941 @U9-
HieRieh et o sad s H- A ud elivusgd " |
HZeh o &9 U Bl &1 dileh 3T oh Seitdl forerd
UGN GEE: 65 IR % §9 el 2

Q@‘ﬂﬁ'ﬂﬂ ToTd vad (Silvery White) T i Teh
Sl ug €, fSed S=u a9 @med (Tensile
Strength) Bl B1 THRT Igd TS SO =cishedl 3=
Bhil 81 ¥R ¥ 9R SR (Weight to Weight Basis) ®
Tifam & =Tersd B ¥ g e 21 2w
Sire den e A UHEm w1 stcfuss 9T g
21 98 Cu, Mn, Mg, Si @1 Zn o @Y fH961g 1
fmior e 21 UgHitEm qen gEeRt fasemge
fafere ampfa (S9-=Y, Tg9, B, T, W, <=
afe) <t S ekl B1 SHY SEehT SYANT & SHH o
=, fmfor, U, gar St qen FaEE sa §
W%I ﬁ@ﬁﬁ'ﬂﬁﬁﬂ?ﬁfﬁﬁ?ﬁ (Toxic Nature)
Bt B1 1d: o] Sl § UgHTE qen 6ok ARt
1 I Y BH O B

11.5 @UE-14 o dxd : <hlad
garT

F1eH (C), fafeasa (si), SHAFT (Ge), T (Sn) den
o€ (Pb) TS 14 % qd I HEA -qdd H g
WWW (Most Abundant) a\'_"[%|
T YPid H W Td e STaeel | dagared § ar
S 21 qed STEE § F8 e, Yhige qen g o
fierar €, Sfr dge owen § W8 g HEie,
BTGB q a1 H Hie SEFES 19 (0.03%)
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% ®9 § fHerdl 81 98 F8l S Ghdl ¢ T He TGR

WA fogm

fafeer &1 YEad TR HT ITAN el qen

1 Fad == % €, S 3 awl (SE—SEeEgN,
TESTFSH, FARM, TehL M) | I Hich Sifod
Tl ¥ TAISA U WNfEd qeh 1 HIO S 2
SHTsifeh TR o e o Afiehi T enfid 2l
78 Sfiferd WO =1 STEwde Seeh €| Wiehfash &9 9
e o Q1 TR wEEenfies 12C g 1°C T
aor oifafigd s o= meenfass 4C oft Sufeer
TEdl B € Woh Aeafaee queetes 2, foet ey
5770 o T TEHeR I AeA A HAHA (Radio
Carbon Dating) ﬁ%ﬁm%ﬁqﬁm&—qﬁaﬁa@m
Y R SHEre (27.7% WR §) fgdE o 2 g
yehfad § faferer qen fafeehe & w9 o Suftem war
21 7% fafersa, ffuss, = don @io= =1 qewyol
Teh ¢ SHiEE Sifd gem e ¥ Sufted T ¢
e o @ (HfEeee), sno, fet | e o
(PbS) 3%F U oIS U fohal Sl €1 SHiEd qe

=TT gﬁlﬂ (Semi Conductor Device) Eicik:|

2l 2|

Te-14 o Tl & Hewqul WAEg Te difasw
TOT el 3ok geteRfTen for=ame WOt 11.3 | faw T
T HD WHEE, ifde T TEEte Ol i e
= w1 W @ R
11.5.1 IAA(+eh fa=ma
THE-14 o el 1 GASThdl 1Yl TSR To=rd
ns® np? Bl 81 39 99E ok Solaie fa=rg | ot
A e f9=1 g 2|

11.5.2 WEEASTH L=

weq 9 fafaea &t Tedases e ° SeoeHa
gfg ad Bl €, 516 Si ¥ Pb % WeEdiSeh e o
iR gfg Bl B1 d- 941 f hemehi o quigRd §H
o ROT U@ Bl

WRUM 11,3 WYE 14 %k d¥al oF WG Ud sifas Tor

ot EaCE Tafasw i fes S
C Si Ge Sn Pb
QIHTI] SHHTHR 6 14 32 50 82
THN] §F9H/g mol | 12.01 28.09 72.60 118.71 207.2
3; FIR [Hel2s*2p” | [Nel3s’3p” | [Ar]3d'°4s’4p’ | [Kr]4d' °5s°5p° | [Xel4f ‘Bd6s’6p”
HeHASs a1/ pm” 77 118 122 140 146
st s MY /pm” — 40 53 69 78
st B M*/pm” — — 73 118 119
EIPEE AH, 1086 786 761 708 715
et/ AH, 2352 1577 1537 1411 1450
kJ mol™ AH, 4620 3228 3300 2942 3081
AH, 6220 4354 4409 3929 4082
IEESNERIRETIN 2.5 1.8 1.8 1.8 1.9
T /g em” 3.51° 2.34 5.32 7.26' 11.34
g
T iR /K 4373 1693 1218 505 600
FaLH /K — 3550 3123 2896 2024
forgra-vfaueman 10"-10" 50 50 10° 2 107
/ohm cm (293 K)

MV sitadietor sTeRen & faw; © 6-3uwegdsie; Cuifer wraewH; 1293 K: ¢ & faw; dwEe w1 vHE 2.22 ®;

JBET (FW & a9 R TR |



p-sieh dw

11.5.3 3TEEA T=Eredt
Te-14 o a7l H YW NI TUd ok HH
Te-13 o WA el 1 Ten 3t B B

el R ot eiafeh i ol o1 g9E gReferd
Bl €1 HREE T | A WM W e et
i 21 Si ¥ Ge, Ge ¥ Sn % 31eU =dl TS Sn
H Pb T TcUdfG, AEHE d A f Seiail o gaal
UFRETOT YT T AT ok 9 SMHR H1 TRUMH T

11.5.4 TI=IA SHOTTEHRAT

BIE TR o HRUT THE- 14 F Tl i Torgg FOTHR
%1 T E-13 o 9d al i Tagq oAl oh
M W el | 3tfush gl §1 Si W Pb ek dwell i
fogd FOTcHhdl 1 A RIS UM il 2|

11.5.5 ofifaer ToTent

TE-14 o gt o 3 B shrae-fafereh e16Tg SR
S SuuTg B, weih fo7 9 W #H Ters
Al g g €1 GHe-14 o awdl o T T
Fl THE-13 °h qwdl oh o Ud Faeleh &l
qor ° efues g )

11.5.6 TEEeR IOTH

STERATRTUT JTEEAT AT TR TRfshansTerar
EIREIR

TE-14 o ddl o SEITH HI T FR SR B T
T I g G +4 T +2 STFhuT STael
T STl €| hra SRUTCHS SRRl sreeen off
TR w1 B SR Jom AR STEAE Tt i A
T I=0 BIe1 €, 3Tq: +4 ARl fereen o Tfuehay
FifiTer TEHASS Fhq o B €1 39 UE o e
Tl § Ge<Sn < Pb %0 H +2 TRl STaen
e T T TG agdl Sl © 1 FeHaSe hiel |
ns? R o dUF H 9 &l o oF SR I8 Bl
21 39 ) ATl TeEensti w1 wrifae wenfae &
o gfafda e 21 e qen fafesd qemE: +4
SAferfteRToT Sferee YR Y B SHEE & +4
SRR ST TR et 7, Sfeh Fo ARl |
+2 Sedietor seen off fyerdt 21 o et <
sraeenati | AfTeh oFar B (+2 SRt sraee |
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o o= o ®9 H o1 T €)1 +2 e
el | wie ok Alfeh Tl B €, Sefeh Sl +4
e eIt TR &1 TGS STewen o 370] o
SHET TRHT] WSS SO B ¢ [SImg— (CCL)]|
ToIeR afgul 219 € o RO WA STl
I SASRITRTA TSl i 3TUel 39 el 1 Sl 2l
Zfd HTeA T GeGarstehdl +4 1 faswHor &l
FX Tohdl T, W TUE o 3T I UH i &1 I8 3
dwdl | d-hefeR] i IURRAfd o HROT BIAT &1 T
HR0T & b T ool o SoiES Sol ST9EEA o I
A TI¥IS (Donar Species) ps| Eéﬂ?j"f TR Hich
Tpel SN | SN TR [SH—(Si F,
GeCl])>, (Sn(OH))>] TE =it 2, foer b
WA sp’c?® Hehild e &l

(i) 3RS ok ufa rfaferamsiterar

9 T oh 9l e SifedisH i Sufeerfd | T
fohy WM R etfeEe W #1 A gerE: 3 YN %
B & HHITFIEE q SEauEs| S g9 HA:
MO T MO, ¥1 SiO 1 i shad 3o I
W Bl B I=U SR SEE A SAfedEe
= Sffadientl oTaeen ol SAfeRdsS i qor |
FAE gFEA F T T SEeERE (S¥-CO,,
Si0, T GeO,) A ¥, S SnO, T PhO,
Iyl WHfd o B B HHeEES ® CO
I q91 GeO =A™ &, S@ih SnO ¢ PbO
Iyt €l

IIAT 11.5

TYe-14 % 9 31 95 (A ==) Hl AT, 5

() o9 sifie ol eEsiiedEe aam ©;

(ii) THIC: +2 SRR afereen et 2;

(i) STE=TTH (A1 AGHTRI) o ®Y H FIT o
G IcEd

B
(i) e (i) IS (i) Tafaessa den swEm
(ii) ST o Ufa feramsierar
wTeq, fafaesa den sHf=m S o gry gfad &l

B 21 T, Wi i faaifsa o SEstieEs oaam @
TN TEETESIST T I B
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Sn + 2H,0 SnoO, + 2H,

ofE il ¥ g Wl g1 U e SeEs
1 &7 fthed (Protection film) EEeico _OI'TI'{'UT%)HT%I
(iii) &elem o wfa srfafsmrarsiierar
THE-14 % 79 MX, 991 MX, (X =F, CL, Br, I) ¥R
o TS S ¢l e oh AN 3T T wEe
Suge gRfeerfaal o eeem @ foman wieh @Y gase
T F1 AR MX, FegasTh UHfa & B & =
TeAgEl H She WA sp? HeRid Sfe€e § qe @1
TUFEH A ST T B ¢1 SnF, T PbF, 3194 B
¥ A W F e 1 Pbl, o1 fEd T E,
iR Pb—1 59 (S URH H el €) Tal ol Sca
el T uTa ® TR 3HH 652 Sela 1 T € Heh
T Tk SO o 3od el | 3ue § 9R Tgfma
STF U B Weh| 39 W8 % Ge § Pb T &
eI T MX, THR o T o9 H o vofa
T ¥ THEfTR TE S T o SR W GeX,
F1 I H GeX, fUF TR T, FEk PbX, H
Je | PbX, e TR € 21 CCl, % i
= |t eRARS SEH § S STTEed 8 WM ©,
Ffch e TRATY] ST oh SRS WA ¥ d- Heeh
o UehTH! S T T80T HY Hehd T

SiCl, %1 ST TR S-S Hisha hl
THAT S Tkl 1 A Si ok d- Fe&eh o STt o THTh!
TOFRE I TR H SiCl, TRfAE dR W §a
sTyEfed B €, @ fad: SiCl,, 39 YR Si(OH), #
Sl SqHfed B Sl 8-

Cl
|
. ~ — HCI
Si + O —
a1 a " OH
Cl
Cl OH
| |
PN + 3H,Q _si_
o | Son -3HCL y4” | “oH
Cl HO
Tafatges st

WA faam

ST 11,6
[SiF>” ¥ 8, SWfh [SiCl]> =6 21 Tk
Hofed RoT S|

&'A

U &I RO fefefad g

(i) fafeera 9] F1 SHR BT B o HROT
3Gk IRl 3R FARH oF ©: 98 SR et
TR Efed e 8l U 2l

(i) ORI URAY] K Wehlh! S JTH qefl
fafeer o] oF 7 oI fopan sifiek
T T e 2

11.6 hTe oht Hgwagul ggfaar
Td THHTT a8l

31 FHEl < YW TIH HT Wifd TH THE 1 YW
T hTe ST §E o6 1 Tedl § f9= =esr
TEFST HLdT €1 S8 B 3R, o9 faegd Folesha,
IeA T T q1 d-heTehl i SucTsudl oh
HTU TG Fa B

FEA H Had s— qT p-helh & 98 o fag
ST Wd €l o: I8 T W’ R Shad =R
Q@EE;T:T qJH R EIRIISG (accommodate) sh¥ Hehdl
21 TE HROT B o gHRT Afehan HestRar =) et
€, Safth 31 WS d-heTh| H1 ST o HRI
AT FASTRal § ghg H o B

HEA H W | 1Al Bl STHR TH o7 Tagd
FUMHSHA alel 3T TH] § pr— pr FgaY A i
Afgdra & (unique ability) Bral %I C=C, C=0,
C=S, C=N 7% 30 FF I 2| 30 T8 &
IeIR S pr— pr 9Y TEl S ©, iR oS a
foafia (diffused) TATETT Hefeh H oF SR A9
Tt stfaea &l g 2l

FHE § T TR oF 91 GeHdsh 99 gh
S[EHY Al @l A g S F1 9g Bl {1 59
Ygfd T Y@ (catenation) FHEd gl c-c 5y safus
AT §H o SRV I8 Bl 1 o H SW g e 9
TR FEal g7 SR T St g8 (g FOMcHbhd o6
HIU J@eH 1 G T S Bl W d Tt
T ¥ TId: FHE ST Tkl 21 T~ 14 H @ H
FH C>>Si>GellSn 2l B1 g S@er &l g9 21




p-=leh a<d
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£ s T / kJ mol?
CcC—C 348
Si—Si 297
Ge—Ge 260
Sn—Sn 240

JGAT A pr— pr a9-FAf07 &F FROT FHTEA
fafss stoey gerfar 2
11,7 HT&A oh 3TULRY

e o el iR sfweda-<H € ey B
£ &0 e AwTES He o | yqE e w9 2|
TH. T, HIE, & T de1 AR Th, hel (HW.
Kroto, E. Smalley and R.F. Curl) 7 RGN 1985 H
HTe o Teh 3T &Y GORIA 1 @IS 1| 36 WIS o6
FHROT T2 T 1996 H Ao R I8 fRar T

154 pm

fer 11.3 811 &1 q=1

11.7.1 &1

R fopelia Sersh gia1 21 399 Yeeh 1] sp?
Hehfid BIAT B U1 AqOhIshiE SAaa § T =R
HTe AT W T[T Tl &1 3N hieA-he 5
AdE 154 pmﬁ 21 FHEA TLH] <& (space) T
3g fIfadta S (rigid three dimensional
network) &1 i @ B 59 "= (o 11.3)
H Hyul et ¥ feemenss Tegass s Sufeed wd
21 36 YR faeqa Hedarseh S¥e i argAl hisd
1 g1 81 31a: g et W U i ol Halifus
FoR Tl 21 TR SYAN ¥R AN HH o oIy
TSR (abrasive) & ®Y H, TG (Dies) T H
den fagq-gse ow ® SMRA dq (filament)
ERlE

ISR 1.7
W H Tegded gF o 3 o e S
B 21 A2

&

N ¥ A5Ed C—C Sugaa A 9= gt
2, TN9 digT w16t Hfeq e €1 o7d: gHe
T 354 Bl 2

11.7.2 dwEe

a'qu?gE AT St AT (layered structure) Bt %I
¥ T IretETd 99 gR I Wl 21 Rl o 0
aﬁiﬁ340pmﬁ?ﬁ%IWWﬁWW
qz\zﬁuﬂ‘e:[ I (Hexagonal rings) o €9 H Safed
e €, e C-C &% e 141.5 pm €l 81 TZh o=
aeTd | Ycdsh shis TCHTY] (sp?) Tehiid Bidl 81 Y
SIS TR 1 Tehead! e qRATlsTl | o faw
ST ST 21 ST T TS p-sie S €1 Gl
W | gt foreried B €1 Selei Tfaeier g
&, 37ct: Three Tergge sh1 Gelereh Bil €1 IS % el
o qd § AT 9 drel S Hehdl 81 98 SR © T
UHIEE AP (soft) 7 Taeh 1 (slippery) el 2l
I=q a9 W 59 7= § 9 &1 94 T8k (lubri-
cant]%“@‘qﬁﬂﬁﬁw%,?ﬁﬁmw
e 1 A Hl 2

340 pm
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11.7.3 Woeri-d

dferem, e onfy erfea fai &1 Suftefs § S
fl"?ﬂ's? Eql WSTFE% (electric arc) 4 Y o S
&, 0 et o1 Tmior e €1 aftud oy Cr S1us whi
T S T A hostell qered (sooty material) i
e &9 W C,, B W C, T 3Afd gew HB H 350
1 Afh THEEN § HeH Forkd § U T FerdH
HTe H1 YGaH T 7, s ForH § Rl YR &
goidl 94 (dangling bonds) &l gl 2| R i
T FISRIgAT Bft B (C,) 370 BT STHTT HehL st
&Fﬁﬁ%ﬁ?ﬁ%l @WW‘T (Buckminster
fulerene) W@l%(ﬁﬁl 11.5)1

ferd 11.5  (Cy,) THHRR Fori &1 GTFI: 3 T A
G dicT (Pedict) &1 awE gl &

Y T: YT 9 g a1 Ure GeEiy aNE
g9 Bl Bl Th ©: WEEg 9o ©: SA¥el e
TS 99 oh 91 9ifed (Fused)ﬁ%,m
U USEiE 9ol had ©: USEd 9aF oh |y
Grferd erereen o @l B1 Gl e W] g9 e
& T (sp?) HHIE eI &1 T SHrad WA 31
T AT o W A ST S S| = e
R 37] R foeerriierd Tear &, S 370] 1 WAfew o0
WW%IE’HW%ﬁ 60 3 (vertices) B
&1 Wi 32U W T HIe TCA] Bl 81 38 T qA
Tha a1 fgay B €, TSRt C-C &1 ware HHe:

WA faam

143.5 pm 97 138.3 pm &1l 21 AR Fead
‘Sh1 &’ (Bucky ball) f ed €l

s HewqUl qeF 7E ¢ foh SN ®9 U e
1 Gelifeeh Tl STREY YhrEe @1 rd: Ui o
A H® 1 I HAT ST 21 &R 92 GOk o A H®
o HHE A 1.90 9 38.1 kJ mol” B B e
T o 370 ®Y (SH—FeH ieh, Fich, INGHIA 3S)
UPTEE q Porld o T[S FYU &1 91g 1 difrd w0
Y BIESERTEA i Sl TR e woieh W Bl 21 91
T TRl | Tehe! Tal S il A HH |
FNehAl Al i U B 2

11.7.4 <RSI oF SUIT

s getel | ot Teftd Ahrse d Sea @rmed areft
TAH! TEE T E| T T T ST AeAl Tk
%1 Bg (fishing rods), @ Y&he, oM qen S
(canoes)aﬂﬁﬁmﬁlﬁ@ﬂﬁﬂmwﬁa?
0T YRS HT YA ol o RIS S H | ae
fenfier fo-eraset & gar @1 e gu ffa
Ffafeer d9 ol qo &) % ufd efEa R 2
Fferh T HiHd TRl 1 SYAN SEdel T
afeifd w6 & g 21 THRl STEN SA-st
(water-filter) Y HeEien %@Tﬁ Eq| I HE qe
e | T w1 PR e § g 21 e w@e
(carbon black) T STIR FURSH M H T Tl
IEA F TR H T F T G IR HIH B ST
TEIA: Uy | STI9Ee oF €9 H do1 $6F o 9 H
B €1 € Tk GoadH qeer €, Frgent Sy s
T B 21 39 e (Th & = 200 mg) W [l Tl 1

11.8 ehtalA dem fafasrs oF uqE
ASiTeR
HE & INFAES

FET o I AEEYU SFAES-HET AHAISTFTEE
(CO) TN e eTgatiamEe (CO,) T

11.8.1 hIE HIMISITSATES

SIS SAoEl 91 &1 Hifad 961 § 9 o "
SAFIRTIT T HTe HASHFIEES e erel 2—



p-=leh a<d

2C(s) + 0,(g) - 2CO(g)
% HeRIE A 373 K W Wit 37 o
BN TISielientol & W 3Ted A1 § 6 hed
HSeTEe U B &
HCOOH 2%, H,0+CO

W H, S0,
ST ®9 ¥ 39 T W 99 (Steam) Yated
Tk TN I §1 39 WhR CO qem H, 1 W g
‘areT T\’ Iudr ‘WyewuT W’ (synthesis gas)
FHEa B
473-1273

C(s)+HyO COg) +Hagg
T T

e WG o T W o h1 YA TRl S €,
TG CO T N, 1 a1 W i 81 36 Wege i

Fed
1273K

2C(s) + O, (g) + 4N, (g) ——————2CO0(g)
+4N,(g)

TR i

AR TG qAM TR 19 Tk Hewqul Arifires
U B 39 SFl | SN[ s HHISTRIES o 3ffeeh
T8 W A SEAlEIEe 19 Uw Bl 8 qel o
ael fieherdl ®1 e AMISTHEE S W o
At TR 7 TUEH T 1 98 Tk Yo SIEEsh
Bl 78 A U1g ‘g g e UEiem qen 5
HHA I o AlFERES o Sifafigd 1= aw o
SHIFAEE HI T FR 3t 21 HTa AHISTFES &
TG T R AN fafg= o1get o siauEe s
(ore) g %Ilﬂ—ﬁ'@?‘ﬁ;m (extraction) T g %—

Fe,0,(s) + 3CO(g)—2— 2Fe(s) + 3CO,(g)
ZnO(s) +CO(g)—2— Zn(s)+CO,(g)
CO:C=0: 3 | HTA qeIl TS ok e
Th o T & 1 S B HIa GRATI] TR THThT oA
I HI IARAT oF HROT HET AASTFRS Sl
(doner) % THM AR Hidl & qU1 HT U &
T TR fHT SH R o1 wISIHA AT 81 CO
arra fadeft el Eareteia o WY Tk Gopel S
T TGHT AT F BRS¢, S S-S
Hepel ¥ 300 T e TR Bl 81 T ol
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FHfvrtsl ® Iufeerd EAITas &1 IR A
SATeRfIST-JoTe o Tehell 8| Sidd: SHhT TROTH G
% ®9 4 gral Bl

11.8.2 ShIET STZHTFATES
9 i SAUhdl H I8 Hed A1 hegad 369 o6 ol
TEd T W Bt B

Cls)+ 0,(g) —2—5C0,(g)

CH, (g) + 20,(8) —>— CO,(g) + 2H,0(g)
AT W $9 hfedad shielHe T dF HCI %1
Afaferan gr1 s=m@ ST Hehal 2
CaCO;,(s)+2HCl(aq) —» CaCl,(aq) + CO,(g) + H,0(1)
SiENfieR &9 ° -T2 (lime stone) H TH
HTh T8 S S 2
FTe SEHAFITS Th TR T T T 7
STl H T STeUfdl 3ok Sid TEET (chemi-
cal) dn H—Wﬁ% (geo-chemical) Hew I aTdl
2 9 & WY I FEIE o7 a7, S TH
goa fgamaa o 21 3 fefafed < 9= 4@
faaifoa e 8-
H,CO,(aq) + H,0() ' HCO,(aq) + H,0*(aq)
HCO,(aq)+ H,O() 0 CO,*(aq) + H,0*(aq)

H,CO,/HCO, %1 9% foer & 1 pH &l
7.26 W 7.42 % T TR Tl €1 STAT TRl B
o RO &R & WY fHA FR UG- S 2

FET SRAFIRE TIHEA H ~0.03% (3TIH
¥) Sufterd war €, TG STENT WeRTIT-HgeTaUT
(photosynthesis) ¥fsham | Bral 21 39 ufman o &
Ui STgHEEd CO, Hi FrEEEee (SH-—TwE) §
Refda # 24 &1 39 Sk § THEfTe IRede
30 YR WS fehan ST Hehal 2

6C0O,+12H,0 —C H,,04+ 60, + 6H,0

TH Uil gR UIY Siqe, TSl qen e ok ferg
o S &1 HTeA FAsTeEe % fauda g o
Tﬁ%[ 1 Tl Bl % ‘T{'gl, SIEEE RS (fossil fuels)
o F&d T8 a1 Hiee - o faw IA-Ter (lime
stone) o foEEd o HROT AgHSA H CO, I HAEI
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qadt 8, fEQ agHed & 99 ¥ 9fg 8 @ 2w
%ﬁ?‘f'ﬂ%‘—m (Green House Effect) Wﬁ%l SW
3Tk OO | ST |

gfod CO, 1 TR 3fTS | 81 o HRT Hia
SRS 19 ! Yoh % (dry ice) o €9 § I
fohan ST Teha1 21 Yo 9 1 SYANT STEEHE ql
femstifaa e (frozen food) E=a ISERCHIGED o ®Y
F qe T CO, T WA FEiHHT G5 T (soft
drinks) ¥, 9 ¥ 9 TN €84 § T8 81 8H oh
HIOT THHT YA ISR (fire exlinguisher) =D
®Y ¥ Fa1 €1 CO, F IWN geg A ¥ IRA &
fomfor & eiar 21

CO, 317 ¥ e THY] sp Hehfid eal &1 He
AT 3 sp TR Hewh, SodisH T o I
eI o WY AT ek & FaT &Y &AW ©,
SeIfeh ShTeA THTI] o AW Jl SIS TLHTY]
o WY pr— pr S S | Hewd: THeRT SR @
gl &, foed g c—O0 sl *1 @aE Th w6
(115 pm) &t 21 399 1 fgea smool T8t i 2
CO, T STFRT TS Bl 0 FohR TEFTd ¥ Hehel &

-.. + .. .. + e -
:Q—C =0: <—>:O:C=O:<—>:OEC—Q:

e SERAES Sl TR T

11.8.3 Taferer= sEetiamze (sio,)

-4} kT 95% AT fafasw wd fafache @ o 2
fafas erstiTarcs, 9 amma: fafasr’ T @
SF S ®, 3 fRRd GEARH®  (Crystallo-
graphiC)WﬁﬁW%Iﬁ?ﬁW&@WW
(quartz), foreedieemze (Cristobalite) d1 <IgSIgHISS
(Tridymite) €, St 3fed a9 W faafed=a et €
faferen SReiiauEe T Teadseh o™ STerRge
3w €, foed faferen o] wqohersE &9 § =R
TS TSt ¥ Hedaifd dfud ®d 71 Yl
siferitST oY) faodiaa: se fafasd Ty 9 SEt
T 7, S o 1.6 § qI T ¥ Yok A g
Jqoher ¥ TIfed ®ar g1 gl fRed & T T
9e3 319 o ®9 | TE1 <1 Gehe 7, g fafeasw aen
SRS THATI[A hl ThTa A | 33 TR ged
ERnild

!
C|) O O O
ol ied
(|) @) @) @)

|
— Si—0—S8i—0—Si—O0—Si—
|

ferT 11.6 : SiO, &1 FAfaHa G

fafas oo M= ¥9 | 31fd =9 Si- O 99
et B o HRL AlHAENE el €1 S d9 W
faferen, Reiioi, SEeEesH, sifermien et qen ngei
o JeR ! WfRifad <l €, el HF 92 NaOH ¥
o e 21

Si0, + 2NaOH — Na,SiO, + H,0
SiO, + 4HF — SiF, + 2H,0

FaeS ol foga SN Te-foR]d (Piezoelectric)
wered T A B 1 e arfqaened wfea, enyfre
e, TERIA-TARY, Tfqeia edl HeR =Hewen
s w1 Frrafor Gua et e fafeent Sta &1 sgam
N Eqch (Drying agent), ENRERE (Chromat-
ographic material) o ®Y H qUT IAE o B H
Brar &1 fafere =1 T Afheadd §Y (Amorphous
form), ﬁ'@ﬁ{[{ (Kieselgur) <l ST BE-waR
(Filtration plants) T gl %I

11.84 fafeer

Te e faferhid sgoshl ®1 Th o ®, foed
R,SiO, T &l T (Repeating unit) Bt 21
faferenta o frator o yrfve 9o tfesrar etean i
Yl faferer Feiwes, R SiCl, ¥ €, e R
Ufesher steran Ul T B €1 S 573K A9 W
Bforet FAES, IR IATH i suferfa o fafasw @
fopen s 8, @ fafa=r dfore gfoeemd seiRifaet
(fSFe1 ¥ MeSiCl,, Me,SiCl,, Me SiCl a1 H&H
T H Me,Si a0 €) SwEAfuw ewwan faem
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BN @ Sgelh WE eid B

. Cutsxt ) +2H,0 )
2CH,Cl +Si ——— (CH,),SiCl, ——> (CH,),Si(OH),
570 K —2HCI

CH, CH, CH,
I I I

HO— Si— OH + HO— Si— OH + HO— Si— OH
I I I
CH, CH, CH,

Hzol ERGiEU

CH, CH,

—OT Si— O+ Si—

CH, /,CH,
fafeaia

(CH,),SiCl fHelH § sigeteh 1 J@ell i oiag
&I i fen s wepan 2, < FregeR f ) o)
HT A B

CH, CH,
I I
nHO— Si— OH + HO— Si— CH,
I I
CH, CH,

-H,0 | ageftem

CH, CH,
| |
—O+ Si— O + Si—CH,
| |
CH, /, CH,
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Sy Wfeshel Tl ¥ R T % R0 fafess
! STUfahEl (Water repelling) Wi Bt B T
T S=u A e, S qWeEd wmed qen
T el AR o Wi FfcRIeTcashdl = 07 erl
21 ok forqa ewEm B TR SwEm Hifed 1E
(Sealent grease), ﬁ'@'c[ﬁ‘%ﬁ (Electricinsulater) de
SHe-d&  (Waterproof fabrics) E It I E
TEEE-HES T e B

IETEIOT 11.8
fafeest 1 872

'

qrr: fafee SEags 9 9 ed €,
5 Ufewa steren wiva s fafasd wmg
& I sy fefEl W oen #) 3 ol
(Hydrophobic) J&fd @& B

11(8.5 Tafeere

et o <€t Aen § fafeere @fts o s &1 5 9
@W@@W%—W(feldspar),ﬁaﬁw
(zeolite), Yod AYH (mica) den @'@.’H (asbestos) |
fafeene &1 7@ ST 3wk Siof (foa 11.7),
o fafersi T 9R SieRdtsH TReRT ¥ Sqshes
®y § dfud w21 faferere § o @ s fafae
(Discrete) SHTE ST BIdl © 31@ §9 YR
#T TRl ufa fafeere e #1 1, 2, 3 S1E 4
SRS TRATOLS o WY Wi STewen | @l €1 5
fferohe gepreal omuw o ferdt €, a1 S@fea oo,
wa qen e S s €1 fafache S
OS] H AT e~ gRI ST gl 81 3
IR S 3T SRR ThTEAl o WY W B B,
at fafam et w61 Fofor g 21

a7 g fffa @ wewerqel fafeere wia 9o
= T
11.8.6 SIATATEE

Ife fafas SeeiiwrRe & fHfafis Sow & 9 73
fafers wRam] TqHifEe wame gu wfaefyd &
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) ST €, d 9 gyl S b ugffaferehe’ sed
\\ T g, fSaw % ®mumew g6 21 Nar, K+, Ca> o1ifg
Y T FOMEST 1 Tfold d 81 $Eeh S0

ST qe SSfelse & USRErH Saim o BrEgieher
, o ASH qAl qHEFH § Sfetiemse w1 fawga
s - bisal SYAN SR % ®Y H gl €1 SI@ond-ZSM - 5
(T STsTiemse T TohR) 1 STAN Ueehiaial hl Hrel
(=) =) el § ufEfia w0 § 2 ) Serifia et
forT 11.7 : (%) SIOF HUIA 1 wgewers Geaal 1 STAN HoR A oh JEhL0 | H1H 3T At A
(@) SiOF &7 &7 freyor fafrea ™ @ o e 2
.

T RO ¥ p-seiien G YRR o e, ST, TSI A1 SULT B o Rl Sifgei 1 e GRoft
o p-scileh el o1 3ok B: o W 13 W 18 Tk Tehan e B Eiferan o sifaRer et WarSiehan
1T TSS9 ns? np*-Sed &1 S7eh Ndfieh shig o Sufterd f=Ta1 o HRUT Seh Hifaeh
TS QAR U et guifad €id €1 eld: 3 qell @ o o sreafees faeran firerdt @1 et
SATSFETERTTT T (group oxidation state) o AR I T 3T SR Taweq o YT
T €, S WaASThl Seiaa W ] gt 9T Bid E1 o SATeRehTuT STeee gtk el oh Ty, Tt
Bt B, ot IRt el o fore Fre sttt Sfeen T eidt elt Sl 1 SRR T d-sheieh i
U] h1 Hgerd THTE S qxell oh 7 Sel S 1 ATl w1 I Hidl 81 geleh ql pr - pr
o S &1 e e a7 i - pr Sl di - di ¥ S §) g oned | d-shereh w1 srateafa
TR AfUhan FaSrhdl i TR W HifHa wd €, 9el e v 39 HiH H UK W 2

TE-13 W SR 2161 7, SHih o7 e g €1 Su-fmio § S e WR wesh (25,
2px,2py‘cr$12py)ﬁ%ﬁ?ﬁ?ﬂﬁﬁ%ﬁﬁgﬁ&s%ﬂ)ﬁﬂﬂ@ﬂ%ﬂﬂﬁﬁ?%ﬁﬁﬁsﬁﬁgﬁ
[ B 21 g A IR AR i ST Sl S Sl ©1 39 YehR SR AT ogd ST
1 Wi HEER I &1 SN SEEESISH o WY FeHIS AfiTeh S’ o &1 THH Seiad SiganT
B,H, ¥ TEaRT ® I R WA o Wed Hqed sEgiH WA B9 gl TH §gad @i
Prerdita-fggcreeia sigr 7 T2 31 SrEeiidisr o Wil S % Hewqul difiTeh sfien o1l qe
S €1 i 3 B(OH), Toh 3901 THER 37 81 I8 Begiiomal STad o goaeid Jeu
TEH A o T R Al €1 R Na, [B,0,(OH),. 8H,0 T ¥ el S 81 I8 Wreht
TieruT WeRHUT wrgett & fore =it @ %@ R

TR +3 ST sTaeen FefSid a1 ¢ T § 9 9H R 9 qwi BT +1 Sierdiero
ST TR B S T A8 AT I w1 qRom B 2

T Tk eI 3Teg ©, S 310 =R} TS seide (2522p?) 1 STA ich Hegareish 5
T B T8 el 1 O 9 81 78 7 el C-C Tehel 59 o g, 31fug siga (C=C 31l C = C)
% gN @l A ded 9FH H1 W Agd a2 SEed % Ygta 3 wH § ouedt @
C>>Si>GeUSn>Pb|Wmﬁwwaﬁaﬂwww%lm?ﬁq
eyl STRET €N, ABTES T Fok-d 21 HIe- URAR o TS +4 T +2 AR SFereel TR
T Bl +4 SFHHI0 T Y T ol AfiTeh WHG: FEHASEh Fehid o eid 21 Tk
o gNI +2 SR e TSR T i YIRa da@dl Sl 21 oS B +2 AR ST +4
SRR SToeen § Afersh LTl el 81 HIeH HONHE AFIH0T feeen off Y w3l €1 FeA
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HHART]

1 Sifeh 3T WieHT 3 8?7 EHeAEtl

1 B ®, W Wik T hi WA femen S 272

BF, @21 BH, &1 3T&fd &1 samen sifs| 37 wfeis § ariq & 6 & ffde
HifSTy

UM o6 ITFyH =eeR <21 A stfafsang STl

Toide = AfTR 1 B €2 A BCL, ae SiCl, SeieRiT =7 Ak €2 THesy
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(F) COY , (@) €0 TN (1) JHTEe § hiei hi HehTUl- ST 1 BIl &7

G o MR W EN de Jhree o i | Ffed fumar 1 gy
frefafad oAl 1 JRET RIS T THEE THH0T -
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() W TH HAEEES Pbl, T 9@ 2
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