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(Dynamic Equilibrium - A Student’s Activity)
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JU 4 f (Stoichiometric Coefficient) U § Ok,
UL 7.1 el L H,(g) + 1, (@=2HI(g
= P fUik, 5
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UIFJE E INH) e H, 4#1[N,) 4 /172 500K
g Lx S e J:)' ukr =Dy Z
ol [H,]=3.0x10° M ([N,] = 1.5x10°M
_éﬁ’”.wf $ g1 [NH,] = 1.2 x10°M

id L £ N, (@ + 3H,(@ = 2NH,(@ JU
—e (PL Ll pu i
_ INH, (g
© N, (2)IH, ()
_ (1.2x107°y
(1.5x1072)(3.0x1072)°

=0.106x10* =1.06x10°

7.2k
4 fid LN, (@ +0,(9 = 2NO S

(N,=3.0 x 10°M J#ul = £ 317, 800K s
2| NO=2.8x10°M s O, =4.2 x 10°M

e Vel Gkl LS. L

S
& LWL Uik, Byl L
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(7.7) K, =[H]IL]/HF =1/x=1/K,
LAV

(7.8) K, =1/K,

LI Frgnid £ S es b
—e b bl Bynd

LM‘,/&QV&@]TL JJI/&!}VJ&{J?Z//!
FH NI IS Pl 6 LS
L JE - SIS e SABI6 S5 15 Bt
M@)J!/?.Sc«bl/‘/ﬁ{/)

(7.9) o H,(g) + % L, (g) =HI(g)

Lot e gitid £ S Ul sy
<

= [HI] / [H,I?[L,]"? = {[HIP/ [Hzlllzl}”2

(7.10) _x2 S K

Ufzé-/-,«/c.n/zs.;uv

7.11 nH,(g) + nl,(g) = 2nHI(g)
-Aaand'”la

ét"g B LK e gaid L S
gL b alue

S L Sl il L S Li7.4 e

_ INOF’ FuL
"IN, ][O, ] p -
eble 3 By
. [2.8x10°MP
[3.0x10°M][4.2x10°M] aA+bBw=cC+D K
=0.622 cC+dD=aA+bB K, =(1/K,)
o 5w na A + nb B = ncC + ndD K. = (KY)
SIS 7.4

(Homogeneous Equilibria)

-wgru*mdc.ff?hmdwrvdrwu’v‘d
N, (g + 3H, () = 2NH,@JU 7 fi, #L i

U Sie § Kol K, U5 3131 <« F UG
S LN L =d S E S 1 g
LTI Pl il (L s
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()’
K, = ———
(7.12) (PHZ)(PIZ) :
Loy

e
« _ (pa) _ [M(@RTT
! (pH2 )(plz) [Hz (g)]RT~[Iz (g):|RT
[H1(g)[

(7.13)

= —:I{C
[H(g)][L(g)]

Ayt sl EIuin K, = K, UGV

J@{;ﬁid@-bﬂﬂy!d}ﬁ
N,(g) + 3H,(g) — 2NH;(g)

_ (Pw, )
(PP
_ [NHy(@)f[RT]
[N, (g)JRT[H, (¢)] (RT)’
[ @RI e
N, (@]H,(e)]

orK,=K, (RT)”

2

(7.14)

S LiL

aA+bB = c¢cC+dD

(7.15) ZW

iy

MG UAS gt st SE S A S
CH,COOC,H; (aq) + H,0 ()=CH,COOH(aq)
+ C,H,OH (aq)

<L Fe™ (aq) + SCN™(ag) = Fe(SCN)* (aq) s/
(Homogeneous &2 JﬁJL?J"’L 2 JL«»’*(V“
PSR J)L;’,p{ﬂ —! ! U~ Solution Phase)
£ o5 5l
(Equilibrium Wi 17l £ oW ¢ 741
Constant in Gaseous Systems)

ULl St e E7 I e A E
U LU KK erte L & Jinl gt £ 16
Sgnis G ety beb gt Pl feud
03l LS 6 U2 Lot § (Partial Pressure) 3Ly ($97
- t‘nul/f

‘L&%UJG/U'&DPJ‘@@

pV =nRT

:>p=%RT

Y% Ju)/é Jf ne gfg/:lbuﬁ PaslypUly
e S e T TG e 2 ’f%
-%Jﬁ“zigfg/zlguﬁ mol/m?® «n/ Veli)

e S ol U mol/dm? | mol /L 1))
p=cRT
p=Ilgas] RT:@&J&C}J!K?;!
-&R=0.0831 bar litre/mol KUlz,

_/‘L‘::Z: SN L J13bs Ku’fu/{ N7 2 Jl:/
p o= Igas] (ree by

4Ln/?ujl§£ JU

H,(g + L,(g = 2HI(g)

__ HIEP
°© [H, (gL ()]
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-

(Hy«CO, £ 800K < K, = 4.24 /800 KL L
PPN GE #2561 L H0 1 CO

_U#0.10M JEuIZ H,051CO

JS

J
CO(@ + H,O0(@ — CO, (g +H, (g
i dad L

01M  0.1M 0 0
st IrxZ S LS E o
&550)!?

0.1-XM (0.1-)M xM  xM

-t J“/i/.?fp( Hy 5 COp b i1 X UL
P AW 1oYW PR F

K.=x/(0.1-x)° =4.24
X =4.24(0.01 + x°-0.2x)
x*=0.0424 + 4.24x°-0.848x
3.24x" - 0.848x + 0.0424 = 0
a=3.24,b=-0.848, c = 0.0424

“Aéaﬁ +bx + c= O lsbr S

(—bJ_r\/b2 —4ac)

X=
2a
x = 0.848 + V(0.848)" - 4(3.24)(0.0424)/
(3.24 x 2)

x =(0.848 + 0.4118)/ 6.48
x, = (0.848 - 0.4118)/6.48 = 0.067
x, = (0.848 + 0.4118)/6.48 =0.194

1L So g Bl (C b o B 019440
,‘go;p;/‘m&mmg}&/
: & Unt i 5.00a0 36 39 1AY
[CO,] = [H, ] =x = 0.067 M
[CO = [H,0] = 0.1 - 0.067 = 0.033 M
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ngnu{)ﬂnu:wu&g(w;;*vgugz
< Sn” )G Susrd e )G s
f{nuﬁ&%g/%l Kfp}q/(k”;»j" JKpb,».f
SUEb e 1ol -(c 1bare b Yile

10° Pa =, 1,4/ 1Nm™>=Pa cgﬁg 1

Ufg(}/Kp{. <7 00 chéé c«ﬂ@okﬁ?ij

_uj’gf/(}%u: 7.5&5,«?
k, EUiid L e b, 7.5 ue
K, K/l J(,J"
6.8 x10° 298 Na(g) + 8Ha(g) = 2NHs
41 400
3.6 x10” 500
4.0 x10™ 298 2502(g) + 02(8) = 2S0s(g)
2.5x10"° 500
3.0 x10* 700
0.98 298 N204(g) = 2NO2(g)
47.9 400
1700 500
7.3 .4

Ut U4 b S Wit €L, sl PCL,, PCL, 4500 K
31 1.59M CL<1.59 M PCls J&u L i sl
L PCl,=PCl, +Cl, JU (f 1.41 M PC,

il kd

S
P LI U1K, L9 £ Sy mien
6=

Kk PCLICL]_(1.59)
¢ [PCL] (141

7.4 .
JGJJ"},?/,C"

CO (g +H,0(® = CO, (g +H, (g
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CaCO,(s) == CaO(s) + CO,(g)
By R R SN e

K _[Ca0(s)[[CO,(g)]
¢ [CaCO,(s)]

(7.16)

Wi et FF U [CacoL(9)] 24l [CaO()]
L gitdost b d AL e ki

_by @) /u’ f
(7.17) K, =[CO,(g)]
b
(7.18) K, =Pco,

B AR,
(Units of Equilibrium Constant)

S x S mol/L S 6 $361.5 § K, JEr g7
kPa<Paf 3 7 L LK, sl & Sl
S g é//p‘”&/ﬂi/‘f‘ﬂ atm| bar
Sl b e P ABTE LUt Gt P ULKIS 17
UL Ve il Ul uw(/?ffu? < vy
U

LK, Hy(@ + 1,0 = 2HI = Ui } 5 e
N,0,(@=2N0,(@)_c_ (¢ &Y Sk, 1 L
—e A 3K1S K simol/LOKI S K,

PGSO STy TP B
A T O
o Ao 1 baredo Glwd £ A
% 4bar/1bar=4-< CClp y//;lb Z/)u”/4 bar J%
Z f Y -& 24 (Dimensionless) S S L
Li9§18 Uit S 1(Co) b Gilar L
Silr u;":wg’:' 5 J,L?&"w?_qr = bl
A S UMK K, S BV - 8%/4 <Jb
Sule 2 Juﬁbd/lf».i@g?ugq/!ﬁgfww
_%Gnﬁﬁ@ﬁ

iy

7.5~
< L 2NOCI(g) =2NO(g) + Cl,(g) W17
U1-¢-3.75 x 106 £ 1069K =721 K, 1

?“é r}”‘ Kpé Z J L;J{ =700
S

g
K, = K,(RT)™
QJ_L_"«I)VUQ,?/,W
An =(2+1)-2=1
K, =3.75 x10° (0.0831 x 1069)
K, =0.033

u)t?‘_/'tf“’/f 7.5
(Heterogeneous Equilibria)

Wity JJG“/{ UL U Lty ez ol = LI
J/./f. vﬁ-ug LU-z( (Heterogeneous Equilibrium)
-‘4J@»Ju;t?ujlf’/é‘uﬂ?uy/;é&gmm}.;ut

H,0() = H,0(g)

e e G §pmnte ez AU JE U
LY s & JF ok 2 L 1 P LU
-‘LUJ’;UJL'?/{'

Ca(OH), (s) + (ag) =Ca* (aq) + 20H (aq)

LuJed i Jﬁf&4 P u;!?ujt?‘/f
(7“& Z c)]l?ujl.?'/;;l.l) u’;‘gudlak Jg/ udl}-uj'
el Ji"/guﬁu"l;f{ug L ST L ity
(g lnize /!ﬁfﬁ)-u‘? Ln g}@p}@’/!
Z Un uf&* XM 2/ [X(s)] ;‘L JExE fruﬁ JHu]
U IX(aq 4 K@) % £ et FA e § xoth
- C}lgnd,«;’/b&’qfxuﬁ ang;ugf[?n 3/
dg{u"@”i Jr 4/@;’@1}1 @;’1%{%(747
‘Ladff(fl/;l:,«é;uggfuﬂ;



Vs

(0.48-x) bar 2x bar < (1Y
Kp — p(z'lo
Pco,
K,=(2x)’/(0.48 -x) = 3
4x* = 3(0.48 - %)
4x? =1.44 -x

4x* +3x-1.44=0
a=4,b=3, c=-1.44

(—bix/b2 —4ac)

x= 2a

= [-3 £ V(3- 4(4)(-1.44)]/2 x 4

=(-3 + 5.66)/8

= (-3 +5.66)/8
"%;/(Jul}jc;!ﬁlﬂ&&nuff&g d/x,f}?,)

(uz
x=2.66/8 =0.33
L U}'Z‘J:J'.?Jﬂfbd}fcﬂl;
Peo=2x =2 % 0.33 = 0.66 bar

P, = 0.48 - x = 0.48 - 0.33 = 0.15 bar

(Applications Jl.*"‘l L uﬁpc)]l? 7.6

Of Equilibrium Constants)

S m e 1o o ET AL gy

1 LSl e or A

S S o2 e b Je1 5 1 B atd 1
U b BN e G L

e 8 Qe & S m S s § e usd 2
_‘agn;lff

ZJoUSe J(_% bn/;{ 7o Bt 3
L bl gty e Zonine s A IE
e Bt A P LB e bl U5
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J‘“VKcozg culf,.wu’l}ug,l/‘a o pbe U
< Cae v u]l?jL/LCaCOS(s) 2ICa0(s)3bsL JEl
41Ca0(s) 751§ €O, 4 1100K S WM 23 L 7
W —c 2.0 x 105 Pac Ut Ui F L L CaCoyls)
B f 5 i S 31T €SB UL k2 100K

K, = Peo, =2x10°Pa/10° Pa=2.00

SE) Ja b o T T v g E LI
e u)l?uy/;L(JgJWuuﬁch

Ni (s) + 4 CO (@==Ni(CO), (&)
e LW At g i17

[Ni(CO), |

[cof’

LSl LIS S S ol
;u}f‘fd‘ o plf)%,lg tn)ﬁrﬁf“/gu’ﬁudué
Ot eolr S 317 505 G2 L £ ot E (st
(A SOS s oir G

Ag,0O(s) + 2HNO,(aq)=2AgNO,(aq) +H,O(])

C

K o [ASNO,T
° [HNO,J?

7.6k

A8 Kd Lo, (@ +C(s) = 2C0 @V
Peo,= 0.48bar Uk {37./1 < 3.0 4 1000 K
21 CO 93 3824 d/lg{/(udlp 21 poo =0 bar sl

-~ sz il co,

S

LSy

WS e xS co, SE L
CO,(@ + Cls) = 2CO(g

0.48 bar 0 R
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L H,(@) + Br,(@ —=2HBr @ U/ 300K (0
<K =54x10°<

L JLJ/J‘lmﬁr/? S S Ink < 1081 .
o K2 5 LTS T ﬂwuf SN
1 I KI5

il £ JE St o, i, d mo £500 K ()
K, = 4.1 x 10-48:‘&{:4..1.&*

£298K L L N,(@ + O,(=—=2NO(g (b)
< K, =4.8x107""

e i 6§ 100 =108 K e
:Z:;ugl‘}'(f"},?/p -fumﬁrq/iﬁ»d/u)»

K, =57.0J6,700 K€ s H, L& GHI ()

Je o SSOL e AR N0,d N,0, ©
erdife K, =4.64x 107,25 J e
SINO, 2T JL{&/.;/:!LLM.L'J
o e\ U o 2L 5 UIINO,N,O,

-q?fu(ﬂtguﬁ 76

i Fke | K > (V4
‘ 1|0’3 { 1|03
SIS Jogeuns IS
(&‘/LTU" ug;,?y‘u]udﬂ?l.ul Ké

(Predicting the £/ 05 % Ser S 7.6.2
Direction of the Reaction)

Qs & Sy ffu‘{u’(JJLﬁ Lmds J(,lfw‘uﬂ?

LAl L e ot S S

b JU Ut LS (Reaction Quotient) @ s’

S ALz Q, 4 AL i Q) e

§ K EruL LA e e St

iy

SOy FAS il L Sl _a
-Lgén/,i/,éyﬁéﬁbu/'lié

u;u?LJ@d/f”wxﬁuﬂ?;Lqu/ _5
LA oS and e B b
~+3leu(fb£/ﬁﬁ&~g/cmg
e £ il & s AET

S

SIS B SIS b

S eSS o

Y~ JJJ&“A&J!? .

S e JU 7.6
(Predicting the Extent of a Reaction)

(Numerical Value) I Soue d/ o u)!?&: J &Y U/(
&/@dl u)l?f+ /:;Jil?,: J?_‘L 3//5(1;:’/M JJL;
VLA il e S A el
e £ N L JF VB S KL K - GE 0T
= DJJ//F’U: a}?Jﬁ;’u}!;fl&?)uﬁ el
AU CI) 6B St (Ut de 6
JA?(./,:’MLJ.:«%JKILLWKJI_LQ&M(UZ&/E
,(f’/gfg/.:iu’l/;lag 8//;@/)6”/10}&]&;(1
/f@:«bf&)’g/ﬂﬂg}wc J}Jgﬁ:?’uﬂ;
—JrE
L PSS S Fie k51080
s KEL /(C“éi@/”vb")?‘a o;gJ%KcﬁG’f
1 b KU
dir i3y L JOAL 0,6H, 500 K (a)
K.=2.4x 10" ool jert
L H,(g) + Cl,([@) == 2HCl(g) S ; 300 K (b)
-< K, =4.0x 10"



Ko e SLUGQ, <K o
%ngwuj’fgc;uj/bd’lﬁigc SKS e
_Knﬂdﬁqé/?@:&/ﬁ .

7.7 k-
2x10%ed K& L 2a=B+C JU
Y J;}.‘lﬂu)l;{‘ OO AT PN (N
MJJ@-g.[A]:[B]:[C]:leO*‘M

- 9/”1’/' ZTU’:

S

e P LipUIgeT b Jid LS5
Q. = [BIICI/ AP

Jc [A]=[B] =[C] =3 x 10*M

Q. =(3x10%)(8x 10™) / (8x10*) =1
_Kn&/&:J@W‘LQc>Kc.ﬁ/g

S ilY 7.6.3
(Calculating Equilibrium Concentrations)
u)r?fu/ﬁggun(kﬁ vu&,mu:"ut,g u:uz%u
L und S o T E b U6
ggom/u;u?“iéd'b? 5197
SEA A L Ll 208
AP e Lol ot
Sl (@
/yakgu‘”‘{j");uﬁj&“/m},&zwu@ﬂ? (b)
L ©

Z JL;»WQ uf iwzy :/J IPE It Jow
K&L;.q@'JJ@MLu’hé/zlﬁcx:{(mol/u))@)!
_“épl’“‘c;LvﬁxM‘)!Luﬁl.g/»LnZ_/le«"’!
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IS S PRI S S
L LGl fioun it
(7.19) aA+bB—cC+dD
(7.20) Q. =[CF[DI" / [AF[BP

e Ly er S 0T g > K
(Jv

BNV -E TN G N EF LR
(Jv

e SIS & TSI g, = KN

-“é/f/? JLJU{JL«LIQKHQ

ul._‘a K.=57.04,700 K{H2(g) + 12(g) 2HI(g)
L], =0.20 M <[H,],=0.10M il S
FeL ek § 812 Ll [ 25) HI = 0.40 M
< UV =3 (arbitary) u”u/%mf‘g Qg <
_(nu.‘f UJ!}",:J‘L uf’djﬁﬁd/:l

NN TN LY TR D,
Q. = [HI1}2 / [H,], L], = (0.40)%/ (0.10)x(0.20)

=8.0

W e sz £ K, (57.0) K, (8.0) U~ TS e
Hyk 7 5 e UF U Wit T HIlg 1 1(@) <Hy ()
Q.= chi_//g HI ol S sz Izu'f//
G En UL o i

e ST Z S U S Kol g,
- t’naﬂﬁé;odﬁL/&f&%‘JMJJ@Qc

o e J}g/ﬂﬂ&l’y eSS

Q.

QcKc/ K,

-

el —> = 2 o 2l e e el €— =2
AL
55 555 et 5 e S 7.7 K
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9.15=(4.98 -x) + 2x
9.15=4.98 + x
x=9.15-4.98 = 4.17bar
5@)6}7.;’3:1 oML
Pno, =4.98-4.17 =0.81bar
Pro,  =9x=2x4.17 =8.34 bar
Ky = (pNo2 )2/ Pn,o,
= (8.34)°/0.81 = 85.87
K, =K_(RT)™"

85.87 = K,0.083 x 400)'
K. =2.586=2.6

7.9+

ST b i 1L£300 K5 PCLy J#* 3.0
T Ly gL L SFegind
K.=1.80-¢ 868

JS

PCl, = PCl, + Cl,

3.0 0 0 Jbﬁm&,&,l
e 311U X PCI 2 ol

(3-X) X X =iy
K. = [PCL]ICL,]/[PCL]
1.8 =x%/ (8 %
x* +1.8x-54=0
X =[-1.8 = V(1.8)* -4(-5.4)]/2
X =[-1.8+3.24 + 21.6]/2
x = [-1.8 + 4.98]/2
x=[-1.8 +4.98]/2 = 1.59
[PCL] =3.0-x=3-1.59=1.41M

[PCL,] =[CL]=x=1.59 M

iy

Fred St enwni§JY _apd
/Jaa!;b*(ﬁz):ﬁvg.vafﬁ_érﬁl’”d d/x/
e div g Cev e iy <

s
N T = Sed difpl’”cj. Lx-aps
u;f&@bﬁutuﬁu;uu;i?étgJ:,gm'%l -5(4
£ s

7.8 S

VDUt e J6 Lt 114 400K 5 N,0, 13.8¢
e bl EE e STl

N,O, (g)<2NO,(g)

=L Yi1F- 1L 9.15 barsls Sl il
-éﬂ“”f@)d}?ﬂlKP:Kc

S

pV=nRTJS E kA

W =1L

92 g QUL YN0,

Y 0.15=13.8¢/92 @i SUss
(R) = 0.083 bar L mol 'K &~
400 K=(T)s172

pV = nRT
px 1L = 0.15 mol x 0.083 bar L mol 'K
x 400 K
p =4.95 bar

N,O, = 2NO,

4.98 bar 0 fpéu‘},!

(4.98-x) bar  2x barehs L (1Y
Ly
Piota = Px,0, T Pro, cﬁ:di UJ’;
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eAG°/RT _y i & _AG®/RT % AG® >0 _J]
2Vl Josi S e K k<16
/ufnw/rw(uufwﬁ?’anJif
_6w

7.10 S~

S5 £ ¥ S (Glycolysis) U—EK
=d Sac® L £ (Phosphorylation)
& e d § K 4298 Ko 13.8kJ/mol

JS

AG® =13.8 kJ/mol = 13.8 x 10°J/mol

G° = —RT InK, S(§%,

InK, =-13.8 x 10°J/mol 4 7¥
(8.314 J mol 'K x 298 K)

In K, =-5.569

K — e—5‘569

K, =3.81x10°

7.11 S
W% J’l b J:‘zc (Hydrolysis) /,v" Td/ Js v

.

-
¢

Sucrose + HoO = Glucose + Fructose
< 2x1013 K, 113,800 K & sl
_EEac

JS

AG® =-RT InK,

=-8.314J mol 'K 'x
300K x In(2x10")

AG®

AG® =-7.64 x10* J mol!
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GU;’J{)IQVI’CJBJU‘KWUJU 7.7

(Relationship Between ‘JWJ G
Equilibrium Constant K, Reaction
Quotient @ And Gibbs Energy G)

SIS d SR L LUvis”
/)i:/vu/ffurd'bualw/J6VLLVLIW(7[I’
/Ldf/wml//AGJyu"qu’”;Mu’b
b2 oSl kb 1 Ve A
SO sk e b b 5 S T =BAG
uﬁJ@JﬁLLJ@&/ﬁcJﬂAG(j}{./}!’L
LS endx
e Wb ulil Joie G o
L LTS i Qo1
e QU fid Lo B Qs uid
e Pl $rba5L abladts o
AG = AG” + RT InQ
Léd/t"?tf@v G'UR
el € Q=K »AG=0=2 el JJL’!?
_wtp7.01
AG=AG +RTInK=0

(7.21)

(7.22) AG® = - RTInK
(7.22) InK = - AG"/RT

4 L"nJ’bgﬁu{L&ﬁ@g}i!quguJ»
(7.23) K=e AG°/RT
NS S w2 S )1 € (7.23) sl (1)

—e Pk e S Ao IS

Gor e AGO/RT iy = 5 AGP/RTIAG < 01 o
Jb’u& Jum;u/‘a u'w/ KJ%_(QL::K >1%

-fn&w&u(fhf&cﬁ/uﬁhﬁ»wz
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SIS s S e L L
e N L Lz S Nzt or
b

SO S Jeam L e ST g8 T
Ojlp 5 e Ul IS s Oy S 0jl5 & Jols
SN T o Fap s e ) ) S S e
oS 3 S AN S Ol S

A JogieT

H,(g) + L,(g) 2HI(g)

ébﬂ"/. I d/ H, J ;%‘TJW" = u]!?/ﬁ
L L& Ff b Pt i JETl
k) (e S S H, Ul €2 4 Uf e 1B
IDer G ST L S LSS, i,
Gl 1L 288 (7.8 )62y (=
Ll LS L S e AL S
f&?xﬂ;gt}&“ﬂwﬁh/‘)ww&?n(’b“u;t?
-Guﬁgx”&mm € H/L mg?m,vf Z il

t, t,

ol N WIS Bos
[H,]
(L]
(HI]
= 5 Time
SR YIP

H.JdUe
S Hy o H,(g)+L(g) =2HI(g) M5 7.8 K
oK) S el gy blee S sl
Q.= [HIF /IH, IL,]

iy

SFL S Suini7.8
(Factors Affecting Equilibria)
S S e s e s A e (i
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(Ionization Of Acids And Bases)
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10 H' = [OH]J§§ [OH] @Tﬁi’g e t)
:.wf J K 4298 Klije Uy x 10'M

Ky =[HsO'J[OH] = (1 x 10 )’ =1 x 10 * M*
(7.28)

ALl Sl e At Feoned LK,
- L

S § U1 st < B 1000g/L 0 B b
L}/Ur‘ J(}E B e U - < 8;’: 18.0g/ molca,f,{
¢+GC b$re 3 Pt 5 onr

[H,0] = (1000 g /L)(1 mol/18.0 g) = 55.55 M

WA B QLo JI21 2 6 Qo 3121144
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[H;0'1>[OH] (7

[H,0']=[OH ] :(} 4

[H,0°] < [OH] (50|

(The pH Scale)<, pH 7.11.2
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e S £ P
(Bromothymol ' J}" &Lﬂ?}")/. 431 (Phenolphthalein)
(HIn]le'/:d;wiuf L/JC)J.:J'/:J} # Blue)
U LB ) S F
HIn(aq) + H20() = HsO+(aq) + In(aq)
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L A2 TE S AETL S QL 7.11.1
(The Ionization Constant of Water and
its Ionic Product)
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HyO() + HyO() = HzO*(aq) + OH (aq)

T TV R I T
N2y RO A=)l
(7.26) K = [H,0'] [OH'] / [H,O]
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— l?’Uv;’/ (Ionic Product of Water) J’p Ld: 7
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Lfgg 1.0 x 10" My 2# @gfj6“/! ¥ H' £ 298K
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&gduﬁ!,ig):‘a tx[OH'] =107 M8 T ALK
-%US‘?&VGC/JU/pHu(
pH = -log(107) = 7
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S E LA g L

pH < 78 J#17

pH > 104 J¥5 L1

pH=7 ¥ J);J: e
255,208 KY (7.28) = Wonlss
" K, =[H,0'] [OH] = 10
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-log K, =-log {[H,O"] [OH ]}
=-log [H,0"] - log [OH"]
=-log 107
(7.29) PK, = pH + pOH = 14
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HX(aq) + H,0() — H;0"(aqg) + X (aqg)
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K, = [H']IX"] / [HX]

C —Ca

(7.30)
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(7.31) PK, =-log (K,)
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7.16 k-
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pH =-10g[3.8 x 107
= — {log[3.8] + log[10 ]}
=—{(0.58) + (-3.0)} = — {-2.42} = 2.42
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7.17 K
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2H,0 () = H,O0" (aq) + OH (aq)

K, =[OH ][H,0'] =10
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W L'gTLHaLuég (i) 6 g

HCl(ag) + H,O0() = H,0" (aq) + CI (ag)

et ol er e FATEH0 ()
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[H,O0"] = 16‘8 +X

K, =(10®° +x)(x) = 10

e

x> +10%x-10" =0
[OH]=x=9.5x 10"
pOH=7.02 .3/ pH=6.98/L}

B R T Uiz 7.11.3

(Ionization Constants of Weak Acids)
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7.18 K~

J¥ 0.02M-< 3.2 x 10* Wﬁ‘/’k{T(HF
iUz Jﬁ_“‘éf#’dﬁ’JJg};J HF J%
& pHS U1l AL (HF 5 HO™, F)
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HF+H,0= «H,0",F ¢ K,=3.2x10* (1

H,0 + H,0 = H,0"' + OH" (2
K,=10x10"

UL U K, >> K, 7
HF + H,O — H,0O" + F
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0.02 0 0
M)esP ) 4
-0.02a +0.02a +0.02a
(V) NP

0.02 - 0.020. 0.02a. 0.02a.

L LIt Sl L S
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0.08 - x X X
K, ={[H,0"][C1O"]/[HOCI]}
=x?/(0.08 —x)
0.08 - x = 0.08 < U1x << 0.08,
x%/0.08=2.5x10"
x=1.41x107 i) x*> =2.0x10°°
[H]=1.41x10° M
J!}”U/[}

={[HOCl,,....siea /[HOCI] x100

undissociated }

=1.41x10°x10%/0.08=1.76%
pH=-1log(1.41x107°)=2.85.

ST Uyt 7.11.4

*

(Ionization of Weak Bases)
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MOH(aq)=—=M"(aq) + OH (aq)
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(7.33) K, = [M'][OH ] / [MOH]
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=17.6x10° M
pH = - log[H*] = -log(2.4 x 107°) = 2.62

7.19 k-
= £ Yild e 4.50 pH K 42 Lx sy 0.1M
Il L G N HA s A L)

_“é()’awf d/pKa/)lKa“AL

JS

pH = - log [H*]

[H'] = 107'=10"%=3.16 x 10 )
[H']=[A"]=8.16x10°

K, =[H'][A"]/[HA]

[HA] . =0.1 —(3.16x10°)=0.1

leqlbm
K,=(3.16x10°)*/0.1=1.0x10°®

pK, =-log(10°®)=8
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7.20 K
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HOCl(aq) + H,O ()= H,0"(aq) + ClO (aq)
Jtévuéw.i

0.08 0 0
(M)Jyf; é{ S5AIOMIL

-X + X +X
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K,= antilog (-9.7) = 1.67 x107"°
[OH =K, /[H]1=1x10"/1.67 x 10"°
=5.98 x 10°°
1 J’fui’g S8 G SN T 15 3l
S22 - ﬂ/.:,/ L UsTus -
e . L0.00aMiEL L
K, = [NH,NH,']J[OH ] / INH,NH,] (i}
= (5.98 x 10°)? / 0.004 = 8.96 x 107
pK, =-logK, =-10g(8.96 x 107) = 6.04

7.22

Lisd e =74 0.1M NH, 11/0.2M NH,CI

~c 4.75pOHSUF LI o pr S U
S

NH, + HLO — NH; + OH
@ Ky, = antilog (-pKy) Wﬁ'//l.g’j K NH,
K, =10*" =1.77x 10° M

NH, + H,O — NH; + OH

J%“Aéu:.i
0.10 0.20 0
Gad L8907
—X +X ' +X
M) =3 1Y
-0.10 0.20 +x X

K, = [NH,*][OH"] / [NH,]

=(0.20 +xX)(x) / (0.1 -x) =1.77 x 107°
sd el 0.2M 310 1M (% i (%Kb,ﬁg
_u.?é/(/’!}i}j X
[OH ] =x=0.88 x 10° :L, A1

H]=1.12x10° 4
pH = - log[H'] = 8.95
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6.45 x 10° (C,H, )N 1S53
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1.10 x 10°° (J"LJL“VVQ)J::(
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427 %107 C,H,NH, (/¥
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S ESSSS
(7.34) PK, =-log (K,)
7.21

L Ul-c 9.7 pH SJ¥F s LX10.004M
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NH,NH, + H,0 = NH,NH," + OH
Pkl -t E J6 8 TPk A pH
(Z A LL’ /Jﬂl' U:TL (}E sl 6 u’”f

e Ul ettt 2 S K T

[H] = antilog (-pH)
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B(aq) + H20(l) = BH"(aq) + OH (aq)

K, = [BH'][OH"] / [B]
"%)J&';V?)L!lﬂtat%}pjﬁ“ﬂ(&gfg
Wy susm i £ g1 2 T SEE B G2

:Létnd‘w:"zi/f:’”:n,,ﬁa[m/wu

K, = [BH'][OH ][H"] / [B][H"]

={[ OH"][H"J{[BH"] / [B][H"]}
= KVV / Ka

L

K, xK, =K,

d’é U5 S Jabbfﬂ/ﬁlféa l:g(a &f/fufd
cz_/».‘ggu;/,spKd/qulb’al‘jG&;:dﬁ@
7R TSNy e o

(298 K,)PK. + PK, =PK, = 14

7.23 S

(4 pH s 65 8 RotT S U Ll 0.05M
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_E S ETE 2 L
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2L a!;udsg/ﬂ/ﬁy’tﬂ(fgﬂuidg
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NH, + H,0 = NH' + OH

able i £ 5 Sl 360 ¥ T Sy
g £ SJeK (7.33)

[OH ]=co =0.05a
K, =0.05 0’/ (1- )

er$hl abb«‘fabb‘&u»l}zﬂ% [_"ax,’:' d/oc
C b b T o B a1 S
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qu: Kvs3/Ka 7.11.5

(Relation between Ka and Kb)

S Py K K b &L L U1 e
ol Sl G LS =S U
ed Slie U AF G E Fe 3ol e
‘.‘LC)‘C[; Jf}‘”@g (,Q./u;nr}"’

NH; (aq) + H,0() = H,0"(aq) + NH,(aq)

K, =[H,0"][ NH,] / [NH,"] = 5.6 x 10™"°

NH; (aq) + H,0O() = NH,*(aq) + OH (aq)

K, =[NH,’][OH] / NH, = 1.8 x 10
S

2 H,0() = H,0"(aq) + OH (aq)

K, =[H,0'][OH ] = 1.0 x 10*M

Ky o= N = o2 K, Ul
G L e N e e S

NIl LSO (Pl = SPer
i trsle & o PFANL BT Ky K,

K, x K, = {[H,0"][ NH,] / [NH; 1} x ([NH; ]
[OH'] / [NH,])

= [H,0°][ OH'] = K,
=(5.6x10"°) x (1.8 x 10°)=1.0x 10 M
b Dr-o FedgTdnd £ A
G P il £ Noard L Nl S E b5
e t'n'/.l/.ib.«/flaéu;ﬁpuﬂ?éa&@
(7.35) Ky = K XK, X eovee...
itz FEUbs
(7.36) Kox Ky, = Ky
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ML U F TN FL 1§ e G
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JJ&'"//QTé uil/i'u@{/:(owm{ 7.8Jug
(298K) &

K, K, K, A7
6.4x10° | 5.9x10° ST
16x10™ | 7.4x10" | AL
6.7x10° | 1.7x107? I s
1.2x107"2 | mpliex | A2 et
5.6x10" | 4.3x107 | td_fyK

4.0x107 | 1.7x10° | 7.4x10* ISy
42x10™ | 6.2x10° | 7.5x10° | AdSs6

J’»y’tﬂé a2 d’!uﬁ’}:’!uﬁ/?/?/faa Cﬁla la*:./):,
[a, K, ﬁ.‘.’”ﬁ/’tgfi .L/"l.,i (K32 ’Kag) ﬁb‘."‘
b Sl b S e o S d 3 G Sty Ly
sib Tl &L HCO; o bl Sl e
LA U:Lg l»’f;:i/o,d‘ue,{ Ll JLH,CO,
W&’[U€54 = U~ L’J:TL'J:’ HPO; o4” Zy/.lff:_/;»ug
e e Fulied,  HPO?
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w7 $FLita gt Lv a2 U 7 iy
sJFe e 31316 HyA U2 S QLI e 29
e tTe &, §id b n,00
St L/jb*/c«;d/.,,!)f' 7.11.7

(Factors Affecting Acid Strength)

VPSSR R Y P NSRRI
£ J6pudJ¥Fu oK AUz STy b
Uy B e L At
U2 MW os St L U Sl itk 0 L
ce s S S iz L

iy

Kb =co’ oro =V(1.77 x 10-5/0.05)
=0.018.
[OH ] =c o =0.05 x 0.018 = 9.4 x 10*M.
[H'] = K, /[OH ] = 10/(9.4 x 107™*)
=1.06 x 10"
pH = -log(1.06 x 10™"") = 10.97
LnZ_/JLM/&‘JL;me?r/:(};".,u
K, xK, =K,
yﬁLﬂngKbéLNHs.a?.?J)y
Lt E g NHG iz
K, =K, /K,=10" /1.77 x 10°
=5.64 x 107°

u’wQrf:}@u-g}tw.,y:u‘vu?@l—&15 7.11.6
(Di- and Polybasic Acids and Di-
and Polyacidic Bases)

o 12 6 1) o S S TS % 1 e
(O] 7% JG'Z:J?'//QTULJL uguﬁi—l/ug/zéiﬂ!
by F L Polybasic) S E I E It Lsony
Sy S5 Ly b L J 1. 7% (Polyprotic)
P5L el S o SO AT CHX O
s

H,X(ag) = H'(aq) + HX (aq)

HX (aq) = H'(ag) + X* (aq)

Ut S o B NI AL (51!

K, ={[H"]HX"]} / [H,X]
K, ={H"]X27]} / [HX"] s

7] % ) Z H,X <7 K, K, Uk
& E S LA ST & T o
A LunE R E s e sad Zngpo,
7.8 ENFATL L ung iy s
- é%:
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e Sl Loyt w S ot JFEL 1
J&Tmﬁf‘ﬁ, e bl ﬂm K H T %
b _@»ﬁuﬁ&t?%u;n??u{@é Lo il 5k
N TP XV U e N (b e
d/ (Common Ion Effect) / </ T..J/}?Ji, -LTu{ e
e dedrt b wat vt /e Je
UM Pl U dse Ll LlE gz
HE AU U e 3o LI are &
#&&g}gﬁ?.suﬁ‘?ﬁ%fw,g%w’u(}&f
- m/?;gi. JJ%!L

Fod UsTe250.05M US4 6t 0.05M
4{«4.& élg/&,g’di;LnuprJdﬁ/?L/
LGS IS AL LA e

HAclag) — H'(ag) + Ac (aq)
81 i

0.05 0 0.05

_‘LXMJU%'//thLM’u@’:Ué ol
Gt 36

- +X +X
SN
0.05-x X 0.05+x
L)

K,= [H'][Ac” 1/[H Ac] = {(0.05+x)(x)}/(0.05-x)
X<<0.05¢ bt b et K, & N dnF e K7
(0.05 +x) = (0.05 - x) = 0.05}

LAV
1.8 x 10° = (x) (0.05 + %) / (0.05 =)

=x(0.05) / (0.05) =x =[H'] = 1.8 x 10°M

pH = —log(1.8 x 10°) = 4.74
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SeHAeSOAL 2 S E S Ay &
- &n/’?{ofﬁm:a}
Z 3% ﬁcg J)’i ﬂu}d/,v HA 2 ¢ 12576
fu“{, — L"lgnb,l)j'u’} HA-< (}n {éti?ﬁué
J/. ungAm Hﬁl @ﬂ‘ e '.;).L'J/C/. H-A -2
TSk I D S S e e o 36 o
Iy PN
Lb’«u@"wgé Jﬁydz»;,«%f%kt///};dug
LB @S tienac b Uhe ¥ o1
Lherdl S e dndifintd i
Qo st {J/C:O/H—ALL&% Frerlz § AL s 2y
4/)’&()5’"-4". &lgw‘/. oi&l){u@_
bz dn (7
HF << HCI1 << HBr << HI :
JLZIU’:&;"L}!){

—e IF U e B L HOH,SUAST
&4/&1/@(}"4&()}/&?6/”(“?}.(}?
‘_-/.Jilﬂi;L/f/&f@f:&xﬁAH—A?@L/
FrfedSop ey eiind actere (b

4/}51 Jt“f-‘a
BB A
CH, < NH, < H,O < HF
leuﬁc«}(}!ﬁ'

TS P AT Ur sl UA)E 7.11.8

(Common Ion Effect in the Ionization

\ 4

\ 4

of Acids and Bases)
i F  JE S IO A AR i 5 e
CH,COOH(aq)=H"(aq) +CH,COO (aq)
HAc(aq) = H'(aq) + Ac™ (aq) L

K, =[H']lAc" ] / [HAC]
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y = [OH] = [NH;l(z
G & Ut J# 75mL g1 £ W7
S NH; 14U 0.033M) ¢/ T NHS 2.5m mol
:fkaﬁﬁ@g;&“u@/l

[NH:] = 0.033 +y

INHOH] = 0.033 Mo fernd {'y £
[NH'] = 0.033 M

SGELf

K, = [NH;][OH"] / [NH,OH]

= y(0.033)/(0.033) = 1.77 x 10° M

y =1.77 x 10° = [OH" | AU

[H']=10" /1.77 x 10° = 0.56 x 10”°

pH =9.24 14

(Hydrolysis of Salts (/i L ..JJ U 7.11.9
and the pH of their Solutions)

SOL b nt st el Sl Iz
?TJU,&'.%JW f»j’&.ﬂuﬁ&wbﬂl_u&c;
T I LT T g Ted L d = &?g
AL IS S dbur L 2L AUt
LTe T & o e gt S L
e Sy TSI FTEL S SIS A L 36 U
&uy’l/!d;’"% 3%?C’*pHd/J}1;c qu""gu’l,LL
L U)f"/:d;"/)' (o/f} :Ba2+:Ca2+rK+:Na+fJf")u:T¢»[
2l stox: T3 (s %5 ClO; < NO; BrCl i) ¢/ T/
e Ur b Ut $ -G i St TS
e QTP L G UKL UEL L &
_ugitgno,«{?gVT._«C’LDé/J’Z;;/J;/»
Lyl Kd?&.,!’gfrwdjsg/ﬁd/uﬂﬁq
CH,COONal* L A ds st )
NH,C1E G s Al 269 i)
CH,COONH, L s Kl 12 (i)

iy

7.24 S

ZJ¥ sz -“ér)’” pHUY J# 10,10
L J¥ 25mL £ 0.10MHCI S § 50.0mL
GA1L L i bn pH A T bl WAL
< K, = 1.77 x 10° &~

JS

NH, + H,O — NHS + OH
K, = [NH;][OH] / [NH,] = 1.77 x 107

e Sgs

[NH,"] = [OH ] = x
[NH,] =0.10 -x = 0.10
x*> /0.10=1.77 x 10°

x=1.33x10° = [OH'] Lt/
[H'] = K,/[OH ] = 107/ 14}
(1.33 x 10°) =7.51 x 107"
pH = -log(7.5 x 107'%) = 11.12

% 50mL £ (#*15m mol (%) J# :++10.1M
S LK eriasmL L J# 0.1M HEl
4 (-2.5m molZ:y}"!:(Z.Sm molnHCIﬁ)
- J}H 75mLJ_1s s lep-éi u:/lgﬂ J:/-;J
L NH; 45 2.5m mol £ Ul Lo st 3L
L u:/lguLVvﬁJnﬁ/fZSm mol

NH, + HCI — NH; + CI'

2.5 2.5 0 0
S
0 0 2.5 2.5

LQ:T NHZuﬁdﬁffu:Jy75mLuﬁJlb
L U\ NH, #(0.033M (%) 2.5m mol
247 NH,  ~& s (0.033M G*) 2.5m mol

WA
NH,OH — NH, + OH
0.033M -y y y
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-

pPH=7+ % (pK, - pK,)

(7.38)
//5'4 u’%’ubc?pHd/J&iL V*U//
_d//#;;?pH}’Ld)U/
7.25 S

A PK, d/fb/LJ/T)/fb/E f::y‘!/;!pKad/M! L
o pH § JF wddi ol Ut 4.75 11 4.76
=

X3

S

pH =7+ % [pK, - pK,]
=7+ Y% [4.76 - 4.75]
=7+ %[0.01] =7 + 0.005 =7.005

(Buffer Solutions) J¥2b7.12
&}'ZpHgf!‘gJu/:;}g%u'u}&:u;’?&b*?c:4/.
Aot KJ/KVV’JKJM&/J pHY Uil
fw/ib/pHJ Jl.ffdw/dl/b/ﬂdl/'/cuﬁ/_a
U Jular”.,ﬁfl{/mﬁyu‘w —e bt Al et
dbi Jﬁd’-c‘. d}" .«/J/‘d/é/ pHupf‘;J Lf/u"
J’ku"pH/LUJV’LV’/JJWUJJ/LL/V)
(Buffer Solutlon)d}; b é/ =2y u:‘." L
Stz SU¥ L £ pHo&* 2 Ut zu
Pl ol Jﬁ‘zipxbaiuvaxa
Esrsl il ot uﬁb SE Sl JL/!
fKC/I’JJ)gu}lp.fu/LpH 4.750 2T 6 ek
pH 9.255 2 | TELT T X sl U}gf}"b)’c. L/
Wb Ut UFla uf - L/(KC}'J_»W

L q/&uqm}pwugé
Py 7,121
(Designing Buffer Solution)
b J# AL pH el § L5 515 Pl P,
L (cab) Bl
/5Jlbjalu'//)/fLZ:L//l//‘KpHd’/
Srfipog LS Ll g, JEe s
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CH COOH.J/“/;/JCH COONaU® Ji ¢
S Ut JF T 2 Siv 2§ NaOHU LI S5
LGGFJMLU/LC)
CH,COONa(aq) — CH,COO™ (ag)+ Na’(aq)
I s Sroidy CTUE Lo coomh &0 AU
-~ (:sOH s
CH,COO (aq)+H,0()=CH,;COOH(aq)+OH" (aq)
o st M s L (CHCOONa) 41 i
_‘LL'%J’//L‘;’.";;;/?/?(l&ufdﬁ =
SUIUE sl bl ok 81K OH- Uk e o S U1
e dsenlie 7pHEUFL e bl
Z e HClN % $FsINHIOHU W s LA S
e bl AT S Ut GUNE,CL L
NH,Cl(aq) — NH;(aq) +Cl" (aq)
/;!NHALCL«:\!LJ,«&.,TJVL&Q NH; L1y &
U TH
NH; (aq)+H,O(l)=NH,OH(aq)+H" (aq)
(Ko = 1.77 x 105)c_uvw/.,(“ luL(rl
e § e b g7 TE L Pt 3L L s
L NH,CIH - bt ) //Jﬁyc.wmwg H
e e ﬁ/c 7pHJ. JH3T
VC’LU&LU’VUJ//AICHe,COOHVl EnF
S omir S UsTL s & &CJVJCHsCOONHz;
%dﬂJk’EV'Léf
CH5;COO + NH: + H20 = CH5COOH + NH,OH
LU K Jl}"' $»7 & NH,O0H.s/ CH;COOH
_sib
CH,COOH — CH,COO + H'
NH,0H — NH: + OH"
H,0 — H'+OH"

JJML&—J’,J/C—L'CtP d/’glpu’._«ﬂ}d
Ju'pHJ‘J%&U}M. L};’J'/fc/liuu: Jﬁd/;

< dtp Ju:’”zj_ué u:{’ pK
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5/ .5}J ;/ﬂﬁ;,fjéfé/?ubu’l
[2e, BH']
[ v, B]
&S ) pHapDH=14: = slbacpH § Jo 2

e Frd s’
PK, +pK pK, ,, PH + pOH = pK
e Qb U (7.41) f (A -8) LI
[«1Zsr, BHT]
[, B]

pOH = pK, + log (7.41)

pK, —pH=pK - pK, + log

L
[<1£e, BHY]
[vi1, B]
3 € (Fed) 12 Lasr &SIt S i
Seulf L i Sek, Subtpad J#a v oLt
b/w.//u/zig 25 4’.JL¢925MPK d/lw”'
/l//L}’U&) 1/%(@"’/5’&%[/!"5/6/’6!‘()&/
Jﬁ/’@cw Lz’/’u,»l.f}"muwgf}"i-al,ﬁbl/
Ldla/(742)vbl/zj.£
[-1Ze, BHY]
[vt1, B]
JJLD//@J/ (})’J“/VpHJJ&/’r—)ﬁ
_d/u"/‘f,vuﬂ

Ea L Ub L S 73

(Solubility Equilibria Of Sparingly
Soluble Salts)

w3 ASAUSAETI b & A
7k f@'(ﬂ;}gfud)fcu*ul-a/»/’vf
]%4 u*L Hygroscoplc)u@g)’/‘u}’ufu* P
b L) oot 2 T ip e e B F
gmu/u J’//u}"’tn’/ulfadfﬂ/d'd{,gfd/
u’Jd/uC’ "qu’éd}’/ff/gj"féu’/d/)(f
JJ-./_d/quJwvauruu“d)éndw
u”{,iugwé u;:léwcj.éa_rd’uﬁf/
SusTe g s S Sy, (et o)
22 b ol UE Dbl L 2 (U L
/4@}5JJJ5~%/|@J&7W!UQJV&%&%§

pH =pK, + log (7.42)

pH=9.25 +log

iy

Ka L3 s FpHS U2 U &S sl
(N0 LLJJV’/%/’LJ L/'Z,»/Z:u’ U)L«'//)ﬁ)l
Ld}’d/'(u‘)/u‘dLJHAu'/A/Z)W wujﬂdfg

HA + H,O < H, O +A
w@fdgzp:ugéﬂﬂ“&ém
[H,O"][A]
K. = ~[HA]
et P e i essu
H,0" HA]
[ 1 = K, a7 < [A]
é_nL/(?j/"uLud/uK/l/)u_ﬁi“fi/';‘bjlgu]»
[A ]
K =pH -1
P&, =P 0og [HA]
b
[A7]
H=pK, +1
p PK 4 +log [HA] (7.39)
B [ vz, A7
pH=pK, +log —[u’/ HA| (7.40)

bl UL M woknd(7 . 40) ealr QL

P T de(Henderson Hasselbach equatlon)

"QJ“""/:'J/& IZ(FED U S Iz [}?A]]

-LJL/&/"CH'/LULL?
L/'/u’/l/ulu fi/,v < u'//}/..fu'/f/
o P -y écj. 4'_/‘”/5'/5/’1 [HA] 2 <
Sl 6 () U b gk e b 345U 6t
ch»/iw-c. b Pl Sl Ui S o
SRRy Kyu/),u‘_}uw%név@,uw&
Lu)/jwuf/,7 40
[ =]
[<7]
L 361 Z HALE € (A7) e U4(7.39) = lsls
AAL U1oc p2158 og1 Sl PH=PKg e Gols
Jﬁ/wffutfj 'dyé(uwz,»/)u&m.,n/;
/:‘KpH/g/}é J"Jndabfépkau(v’ﬁ‘pfw/
Sspka$ Ut LS F gL LS JF
& U-c 4.76 1pka S 4l L SI-n f37L pH
(,mu»ﬂjméc’. eI by Salr sz JE B L
-JfJLJ'4C4 76rpHJJl:/U/LJJ’QLu/(f1
LR il NE Lyl sl L

pH =pK, +log
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Sk S d et fqi
Neyys

STl T ks e nl ot £ O3 L
J//}bédl/ u*L/J;Z//laéjau:é.}
bl QUL K7 s ;J)ng
u“um(/w*ul/lgm £
L/C/b—B/‘fJ’uf“’”b/lp/)’&@/la+4/u>ab’
— d/.f/;’ysd/,o J"/}”J_ﬂf“b (///-g

< l;(a Juadk
2 Je
7l
b

S Srk SHul Bl L]
Sipwre e b S UM L Skt e
= CJ:la gf/;w',g/sé sl

e LA S LS A SE U

(7.44)

(7.45)

et rbe g, f K, U=l Ut 2 bl

.2 SN TN E I LT 2 (7.6.2

uﬁc«/ﬂd/»ungp = Qspuﬁ&lp(fu)’?f‘a/;lﬁ

- J/ b e :’/ Jf i J’}"' Q(Precipitation)b/:’/“d

7914 £ 298 Kﬁftdg%d’éuﬁ%uc%
_ujédf;uf
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Lay{@wwwﬁuﬁc/w’”/-w/
B Qe 3L LS b L/JJIW
U/(//}bgé.ﬂbd}ij Lru‘/fuﬁyuw/..&
FASNL L Lnpy St S SIS L
d}’/’jJ’/'J/t'Llad}"uL/LuJW’ Al
d/d/wdpgfﬂ;d’gﬁ/b):f/ gbgfu}l”;’uﬁﬂ’
Jdn/a‘_}p&u’/ L,C’("-atnvamuﬂ&fa

-u‘L/(Ju"u/L? JJ;;/M/:L*
O.1M<U:/45J7 “/,g,d’ [sl2
0.01M< Srif<oaM  ziJf | nesta
s <00 i f” | mestz

L JH#ATow & sl LG Tk S A
Ly STyl

S x S 718
(Solubility Product Constant)

JEITid p L 6l St P AT
J'JJ#&M//}’J/DMJ/ LJ);JWKUW:,
= Lﬁb g-(/:lb,gf/:é V’)L/J“),.?JM}(U/‘))UE’./}L

BaSO,(s) %Baﬂaq] + SO,*(aq),

e i)};lb:, a’ﬁbfgj:;’g/ﬂ,ﬁ‘;"u}l;

_uzéagﬂwq.?:&/%@féiu»Lu’);f}G
(7.43

(Solublity aitws fe> b 4 |> ﬁ{Ksp r’Z
b=l 6 pdy )= J# [ Product Constant)
208 o & lsls U oren 2 :é (Solublity Product)
S AU 1.1x1010d Jgf:‘d/Ksp/?K
Lt uilBA L It e 1l L eibfn s
e SENSNE L psTesenfnd £
hi‘é*’(:/;)@/’d: u:"‘..TUJM-UZ L!Z/.’/.L.lﬁ”‘yh
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S S L u/‘]};l’(w.{{ 208 K 7.9 Ui
5 7.26
K&

‘s - / - 2 . ‘ -

R L0 a A A AP A"
Silver Bromide AgBr 5.0 x 10-13 o 7 b X 7 O
Silver Carbonate Ag2COs 8.1 x 10-12 JFKAQXS L/J:Z(JUL d.li u.: ‘Z: ()u’,”’(
Silver Chromate Ag2CrO4 1.1 x10-12 03 (o .
Silver Chloride AgCl 1.8 x 10-10 e K, = 1.1x 107 Lk
Silver Iodide Agl 8.3 x 10-17
Silver Sulphate Ag2S04 1.4 x 105
Aluminium Hydroxide Al(OH)3 1.3 x10-33 J’
Barium Chromate BaCrO4 1.2 x 10-10
Barium Fluoride BaF> 1.0 x 10-6 3+ 2-
Barium Sulphate BaSO4 1.1 x 10-10 A Xy — 2A7 +3X
Calcium Carbonate CaCO3 2.8 x 10-9 _[A3+T2 213 _ 93
Calcium Fluoride CaF> 5.3 x 109 KSP =A"T X7F =1.1x10
Calcium Hydroxide Ca(OH)2 5.5 x 10-6 - . z
Calcium Oxalate CaC204 4.0 x 109 Wy d{/ﬁ; Ja U( AXg = S//’
Calcium Sulphate CaSO4 9.1 x 10-6 :
Cadmium Hydroxide Cd(OH)» 2.5 x 10-14 K,, = (2SF(38S’ =108S° = 1.1 x 107 (i}
Cadmium Sulphide CdS 8.0 x 10-27
Chromic Hydroxide Cr(OH)s 6.3 x 10-31 S =1x10"°(, /u’ [
Cuprous Bromide CuBr 5.3 x 109
Cupric Carbonate CuCOs 1.4 x 10-10 S=1.0x 10° mol /L
Cuprous Chloride CuCl 1.7 x 10-6
Cupric Hydroxide Cu(OH)2 2.2 x 10-20
Cuprous lodide Cul 1.1 x 10-12 %
Cupric Sulphide CuS 6.3 x 10-36 7.27,.L"
Ferrous Carbonate FeCOs 3.2 x10-11 - . .
Ferrous Hydroxide Fe(OH)2 8.0 x 10-16 u: N Ksp U( AgCN sl Ni(OH), J“/ 3 JP d’]/‘ L3/
Ferric Hydroxide Fe(OH)s 1.0 x 10-38 " y .
Ferrous Sulphide Fes 6.3 x 1013 3l ) L d -t 610717 1512010718 2P
Mercurous Bromide HgoBr2 5.6 x 10-23 - =
Mercurous Chloride Hg2Clo 1.3 x 10-18 oy Jp
Mercurous Iodide Hgolo 4.5 x 1029 Tew
Mercurous Sulphate Hg2S04 7.4 x 107
Mercuric Sulphide HgS 4.0 x 10-53 J’
Magnesium Carbonate MgCOs 3.5x 108
Magnesium Fluoride MgF2 6.5 x 109 . 5
Magnesium Hydroxide Mg(OH)2 1.8 x 10-11 AgCN — Ag" + CN
Magnesium Oxalate MgC204 7.0 x 107 7
Manganese Carbonate MnCOs 1.8 x 10-11 K, = [Ag'][CN"] =6 x 10
Manganese Sulphide MnS 2.5 x 10-13
Nickel Hydroxide Ni(OH)2 2.0 x 10-15 Ni(OH), Ni%* + 20H
Nickel Sulphide NiS 4.7 x 10-5
Lead Bromide PbBra 4.0 x 105 K_ =[Ni**][OH P =2 x 107°
Lead Carbonate PbCO3 7.4 x 10-14 =1
Lead Chloride PbCl» 1.6 x 10-5 7 _
Lead Fluoride PbF» 7.7 x 10-8 [Ag'] =S, ..é ol
Lead Hydroxide Pb(OH)2 1.2 x 10-15 1 _ i
Lead Iodide Pbl, 7.1 x 109 [CN']=S, J
Lead Sulphate PbSO4 1.6 x 10-8 .2
Lead Sulphide PbS 8.0 x 1028 [Ni*] =S, “é Wb
Stannous Hydroxide Sn(OH)2 1.4 x 10-28 5 -
Stannous Sulphide SnS 1.0 x 10-25 [OH] = 2S, ¥
Strontium Carbonate SrCOs 1.1 x 10-10
Strontium Fluoride SrF» 2.5 x 109 S12 =6x 10", S =7.8x 10°
Strontium Sulphate SrSO4 3.2 x 107
Thallous Bromide TIBr 3.4 x 106 (S,)2S,r =2x107"°,S, =0.58 x 10™
Thallous Chloride TICI 1.7 x 104
Thallous Iodide TII 6.5 % 108 . . - S
Zinc Carbonate ZnCO3 1.4 x 10-11 -4 JUJEJC'—‘LLVLAgCNJ Ni(OH),
Zinc Hydroxide Zn(OH)2 1.0 x 10-15
Zinc Sulphide ZnS 1.6 x 10-24




..4“_)}?/ OH™ 0.10mol/L
K,, =2.0 x 10" = [Ni**] [OH P
=(S) (0.10 + 28y
25<<0.10< (% K, £%
(0.10 + 2S) =~ 0.10.13

L

2.0x 10"° =S (0.10)°
S=2.0x 10" M = [Ni**]

2R Sk FOUFL edi ez i)
iy LKy T oA e Gbon
ch/u: Py - Gl [Ji (Protonation)
»’L/Vguqusp = Qspr/U"f‘aLz;Lw"/.:’/d{JgJi
(o by LIPS I s
K, =[M"] [X7]
HX(aq) = H"(aq)+ X (aq):
_[H(aq)][X"(aq)]
* [HX(aq)]
[X"] / [HX] =Ka / [H"]

:9&&41&&!{ 1/}’/&}/5%&?&&(‘)}?{1.};})

@H:ﬂﬂ
[X7] K

a

K

ce b ST e A

[ XTIAXTI+HHX] ==K, /(K, +[H"])

_‘atﬂ/fjk/;bd:g/épHJ/LL a:lgbg):uﬁi
W SUrk J"J..Cz pHU» (> u//l

23

(7.46)

ce PSS FALEL pupze n Ly

244

S TS 8 SEUFGT7.13.2
(Common Ion Effect on Solubility
of Ionic Salts)

0L TSNS Erpe UL Aad
E S bt e T I 1T by
U1 bb s U K,, =0,/ Kb o ey
T UIn S 68 Coas\s 6 (06 TSN UH
J‘;_ngyz;Ksp =Qspu§»,J/~.fb’«9. ujftgw/.)&vlé
Liilre SISl Ll s u/{/)?
Sud LML g fie o §s6nli Ll usTS
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JmeL e J mu:’ I it~ m/u%éw
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LAt 658 e S22 (5251 36
sl (S s B W u&):«;{f»’wgﬁfﬁfﬂb vt
Jeig by T2 Sh el ui)uu’f:;é»ff“”p
2 Sl mﬁ&éywd‘(;}fzi g
Ty SR L i fen SS VS SUPE L
Jhe bl gféé(Gravimetric Estimation),:“f'"
5/1/9 Z JU/U:T.J;:’ @}Ji’m@)//w’/}’(‘ Z/)
d/:;f)“ﬁ: J'[(:/;A’C}d/(fuﬁ.&é o/,-j.fu’)flfff

_%:é/;n“iéur‘fd/wc)

7.28

o 8ok S ENioH), U 0.10 M NaoH
-~ 2.0x10 5 S ETENiOH), &

‘oo
X3

JS

s L NiloH), < sézkSU Nion), & ol
Z oH 1S mol/L £ Ni2* 3121 6 mol/L
J J{K OH" ‘;jgr‘L t‘/ﬂl} 2Smol/L

NaOH d‘c% o Jﬁf{o.lomol/L
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(272) 111 Uuu (Ununumum)@giuiqi (262.1) 103 Lr (Lawrencium) (—“"ZU
238.03 92 U (Uranium) 5y 207.19 82 Pb (Lead) /4
50.94 23 v (Vanadium) (*5& s 6.94 3 Li (Lithium) £ *
131.30 54 Xe (Xenon) c):; df 174.96 71 Lu (LuLeLiume%f‘E
173.04 70 Yb (Ytterbium]f’ 2 24.31 12 Mg (Magnesium) (= * )
88.91 39 Y (Yttrium) (/‘-. 54.94 25 Mn (Manganese) ;J?
65.37 30 Zn (Zinc) £ 268) 109 Mt (Meitnium) £~
91.22 40 Zr (Zirconium) f.‘.ﬁ, 258.10 101 Md (Mendelivium) K}J fv:’

~colie J/MJJ}‘{_ :»;,O}’u(lp ﬂgjlus Jyr S (Paranthesis)uf;

| Gl



(Specific and Molar Heat ug’jbf 8/1//)"/;! J)’ J t}u{; 5@) éw ugjﬁl 298 K -A

Capacities of Some Substance at 298 K and one Atmospheric Pressure)

FS b
(Molar Heat
Capacity
(J/mol)

20.8
75.4
35.1
29.1
29.1
79.9
113.16
152.52
37.08
132.59
72.35
39.2
20.7
33.8
75.6
25.1
24.7
24.35
25.2

8.65

J“; lf'fg/l/ (f]
(Specific Heat
Capacity)
J/g)

0.720
4.184
2.06
0.797
0.360
4.70
2.46
2.42
2.06
0.861
0.5980
0.817
1.03
0.477
0.473
0.460
0.385
0.902
0.128

0.720

(Substance) &

(Air) /I

(Water, Liquid) Jf.’:// d&

(Ammonia, Gas)u'f/ %2l

(Hydrogen Chloride) flﬂgd}wfb/%
(Hydrogen Bromide) X lay Cf‘ﬁ/f{%
(Ammonia, Liquid) Jf.’:/ / %24l

(Ethyl Alcohol, Liquid) % /A0 F 2
(Ethylene Glycol, Liq) (bt /Y S 15
(Water, Solid) u’}g/ d&

(CarbonTetra Chloride, Liquid) J’: J / fl/}g I /)’f."’ 0, K
(Chlorofluoro Carbon)(CCLF,) ¢/ Ku}r’;/!g
(Ozone) Js.Js!

(Neon) (%

(Chlorine) ¢/ /’K

(Bromine) d.f!/.

[Iron]%}J

(Cpper) £ ¢

(Aluminium) f"/ :,L,l

(Gold) (s

(Graphite) &* Lg/

III ,t,:"



(Molar Heat Capacities for Some Gases, J/ mol)Jj (f'((j/!])y‘p( uyf;{ -B

c,/C, C,-C, c, c, Gas
b

*(Monatomic) & | v{
1.63 8.28 12.8 20.9 (Helium) (»J"/
1.66 8.33 12.5 20.8 (Orgon)ugf
1.66 8.37 12.6 20.9 (Todine) ¢/ 35T
1.66 8.33 12.5 20.8 (Mercury)osl
b

t(Diatomic) & I3
1.41 8.33 20.2 28.6 (Hydrogen) cf'ufb/‘L
1.39 8.33 20.8 29.1 (0xygen)u?:f 7
1.40 8.30 20.7 29.0 (Nitrogen) /1 # ¢
. b/ }K b/
1.39 8.60 21.0 29.6 (Hydrogen Chloride) ¥ Ls*¢/5, X
1.41 8.00 21.0 29.0 (Carbon Monoxide) % L/ T9v /6
b

t(Triatomic) (j‘; o
1.28 8.50 30.5 39.0 (Nitrous Oxide) X L/ TU#t
1.29 8.50 29.0 37.5 (Carbon Dioxide) % LT3 6

b

t(Polyatomic) & '/?/

1.19 8.60 44.6 53.2 (Ethane) o2

~(Translational Kinetic Energy Only) (}U?d/i d (] L

- (Rotational Energy) d (1Y J’;/C;l (Vibrational) U"' Gl e (Translational) d 4] t
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IV

Lzt

JLkist LK1, =l s
(SI Units) (Traditional (Symbol) (Quantity)
Units)
9.806 m/s 980.6 cm/s g (Acceleration of Gravity) Ci/’ U@
7z b
1.6606 x 10% kg 1.6606 x 102 g amu (1/12KJJﬁ!I2c)dK'azfu€l

ul (Atomic Mass unit, 1/12 the Mass of

?C Constant

6.022 x 10*® 6.022 x10* N, (Avogadro Constant) L )/f(),fl
particles/mol J}" (} I3
(Particles/mol)

5.2918 x 10" m 0.52918 A a, (Bohar Radius)/'s»_ééj/;}f
5.2918 x 10° cm

1.3807 x 10%* J/K 1.3807 x 107'° k (Boltzmann Constant) &% 7y
erg/K

1.7588 x 10" C/kg 1.7588 x10° e/m  (Chargeto e =d(§ Ll St

coulomb/g Mass Ratio of Electron)

1.60219 x 10 C 1.60219 x 107*° e (Electronic Charge) C/.lg d“/, {ul}gl
coulomb

4.8033 x 10" esu

9.10952 x10°" kg 9.10952 x10* g m, (Electron Rest mass) &g{(}}ﬁul}gl
0.00054859 u
96,487 C/mol e 96,487 F (Faraday Constant) L3 lﬁ'
coulombs/eq
96,487 J/V.mol e  23.06 kcal/volt. eq
g.3145 KPa dm® 0.8206 131 R (Gas Constant) ,lfw‘j[
mol K mol K
cal
8.3145 J/mol.K 1.987

mol K




22.710981x10°

m®/mol
22.710981
dm?®/mol

1.67495 x 10™" kg

6.6262 x 10™ J s
1.6726 x10”" kg

1.0974 x 10" m™!

2.1799 x 10'*J
2.9979 x 10° m/s

22.710981 L/mol

1.67495 x 10> g
1.008665 u
6.6262 x 10 ergs
1.6726 x10% g
1.007277 u
3.289 x 10"
cycles/s
2.1799 x 10" erg
2.9979 x10" cm/s
(186,281

miles/second)

(Molar Volume)(STP) ‘;)}"

(Neutron Rest Mass) cacf d:ﬁ ODZ%

(Planck Constant) J& Jﬁg
(Proton Rest Mass) .:,.:f d)ﬁ 0] U’;/?

- 2,
(Rybderg Constant) &« s

(Speed of Light, in a /G/ d/ [5;;/ u: (yf;

Vacuum)

n=23.1416

2.303 R=4.576 cal/mol K=19.15J/mol K

e=2.71828 2.303 RT (at 25°C) = 1364 cal/mol = 5709 J/mol

In X = 2.303 log X
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dﬁL'Z’JAALgf:

7
Jt 1.6022 x 107"

96.487 kJ/ molf

S 24217 = -
J#z101.32 =
11,0182 x 10°=
J71055.06 = 6107
J11.05506 x 10 =
u’»&’/252.2 =
vEkire Sy

(e PV KEF 25460

5 1.609=235280= 1
/"-:‘0.9144=é¢36=f1

=29 3.281=8139.37= 4 6% 100= 4 1
7 1.094

K0.6215= 1094= 2 1000= 5 1
0.10=4 5% 1.0 x 10*8:(1*/@1

&l 3.937 x 10°=41.0 x 10"=

VLK1 Sl I

KU 760 Lug=5g;éu51

F11.013 x10°
}5&/[}1‘%14.70 =

FlLioe = 1

/b'fd'( Lol = 91

1kg/ms® = 1IN/m’ Jé.t'l

WIS imted

ﬂf 453.59=F3(1
ﬂ/@g0.45359:(1/;453.59:}?3 1
,‘3%2205:(1/; 1000=ﬂf%1

(1/@' 1000=|»i/@‘~” 100=(1)1<510=ﬂ/1
ugégt.p/u‘ila.ozz x 1023=rv/1

(ﬂ/ 1.6606 x102 =0 led(f1
)":5&2205:,»1/7 1000=/4 1
S

Ho.9463=2.T 1

<7 1.056= 21

0.001= % % 1000= 2 o5 1= 1

st
1.056 x10° = #0.001= % s 1= 1
&/T[

7.475=2.T4 29.902= 4 28.316=234 1

H

VEEIrLddery
i1 x 107=J21
14184 x 10°= Jz4.184=3#dL b1
- 44129 x 107=
&»ul}’?t 2.612 x 10"=
S 2.3901 x 10°2J% 1 x 107=11
J21.6022 x 1070 = 211

Y Ry 1/&#iff,gialgéé.€%ugﬁﬁ eI (FAUEN) = 1 kg m/s%ied
_ﬁ;/gzﬁééé.[wkug 15.5°C 14.5°C )70 Kdgrl//ug}?/’ﬁ’chuV *+
,‘LCglgl{.&tz»;u;:’(!d/»uﬂ.,ﬁKnt/;/‘caozz x 102*”’;1/;1@5/5(5ul;(ud/»,ﬂ[/.:] +



el QY77 298K

VI

(Inorganic Substances) ”V'Jl L}&" ¢ ﬁf

2 e R G
AH°/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K mol?)
e 4!
Al(s) 0 0 28.33
Al*"(aq) -524.7 -481.2 -321.7
ALO,(s) ~1675.7 ~1582.3 50.92
Al(OH),(s) -1276 — _
AlCl,(s) -704.2 -628.8 110.67
s s
SbH,(g) 145.11 147.75 232.78
SbCl,(g) -313.8 -301.2 337.80
SbCl;(g) -394.34 -334.29 401.94
g )1
As(s) 0 0 35.1
As,S,(s) -169.0 -168.6 163.6
AsO7(aq) -888.14 -648.41 -162.8
3
Ba(s) 0 0 62.8
Ba®*(aq) -537.64 -560.77 9.6
BaO(s) -553.5 -525.1 70.42
BaCO,(s) -1216.3 -1137.6 112.1
BaCO,(aq) -1214.78 -1088.59 -47.3
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& s d des AU s
AH°/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K™ mol™?)
Oy
B(s) 0 0 5.86
B,O,(s) _1272.8 ~1193.7 53.97
BF, (g) ~1137.0 ~1120.3 254.12
ey
Br, (1) 0 0 152.23
Br,(g) 30.91 3.11 245.46
Br(g) 111.88 82.40 175.02
Br(aq) ~121.55 ~103.96 82.4
HBr(g) _36.40 _53.45 198.70
BrF,(g) 955.60 929.43 292.53
Ca(s) 0 0 41.42
Calg) 178.2 144.3 154.88
Ca*(aq) 542.83 _553.58 53.1
Caol(s) 635.09 604.03 39.75
Ca(OH),(s) -986.09 -898.49 83.39
Ca(OH),(aq) ~1002.82 -868.07 745
CaCO,(s), 24 LY ~1206.92 ~1128.8 92.9
CaCo,(s), A4 T ~1207.1 ~1127.8 88.7
CaCo,(aq) ~1219.97 ~1081.39 ~110.0
CaF,(s) _1219.6 _1167.3 68.87
CaF,(aq) ~1208.09 “1111.15 -80.8
CaCly(s) 795.8 748.1 104.6
CaCl,(aq) 877.1 -816.0 59.8
CaBr,(s) 682.8 663.6 130
CaC,(s) 59.8 ~64.9 69.96
CaS(s) _482.4 _477.4 56.5
CaSO0,(s) _1434.11 ~1321.79 106.7
CaS0,(aq) ~1452.10 ~1298.10 33.1
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N Ses A USE St

<

AH°/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K™ mol?)
ST
C(s), :A:gf 0 0 5.740
C(s), Iz 1.895 2.900 2.377
Clg) 716.68 671.26 158.10
CO(g) -110.53 -137.17 197.67
CO2(g) -393.51 -394.36 213.74
CO?%(aq) -677.14 -527.81 -56.9
CCL() -135.44 -65.21 216.40
CS2()) 89.70 65.27 151.34
HCN(g) 135.1 124.7 201.78
HCN(1) 108.87 124.97 112.84
e
Ce(s) 0 0 72.0
Ce**(aq) -696.2 -672.0 -205
Ce*'(aq) -537.2 -503.8 -301
oSS
CL(g) 0 0 223.07
Cl(g) 121.68 105.68 165.20
Cl(aq) -167.16 -131.23 56.5
HCl(g) -92.31 -95.30 186.91
HCl(aq) -167.16 -131.23 56.5
ey
Cul(s) 0 0 33.15
Cu'(aq) 71.67 49.98 40.6
Cu*(aq) 64.77 65.49 -99.6
Cu,O(aq) -168.6 -146.0 93.14
CuO(s) -157.3 -129.7 42.63
CuSO,(s) -771.36 -661.8 109
CuSO0,.5H,0(s) -2279.7 -1879.7 300.4

(< 6)

‘%fJWw&d’dﬁﬁoﬁug:éégw&yL**
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& N o AT du
AH®/ (kJ mol ™) 4,G°/ (kJ mol™) S°/(J K mol™)

(S 923
D,(g) 0 0 144.96
D,0(g) -249.20 -234.54 198.34
D,0() -294.60 -243.44 75.94
oS
F,(g) 0 0 202.78
F(aq) -332.63 -278.79 -13.8
HF(g) -271.1 -273.2 173.78
HF(aq) -332.63 -278.79 -13.8
P B (S 8 o 925)
H,(g) 0 0 130.68
Hi(g) 217.97 203.25 114.71
H*(aq) 0 0 0
H,O() -285.83 -237.13 69.91
H,O(g) -241.82 -228.57 188.83
H,0,0) -187.78 -120.35 109.6
H,0,(aq) -191.17 -134.03 143.9
sl
L(s) 0 0 116.14
L(g) 62.44 19.33 260.69
I'(aq) -55.19 -51.57 111.3
HI(g) 26.48 1.70 206.59
o5
Fe(s) 0 0 27.28
Fe*(aq) -89.1 -78.90 -137.7
Fe*(aq) -48.5 -4.7 -315.9
Fe,O,(s), JJ{L(Q -1118.4 -1015.4 146.4
Fe,0,(s), &~ bat -824.2 -742.2 87.40
FeS(s,a) -100.0 -100.4 60.29
FeS(aq) — 6.9 —
FeS,(s) ~178.2 -166.9 52.93



4 264
& ey VR G
A/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K mol)
3 ()
Pb(s) 0 0 64.81
Pb*(aq) -1.7 -24.43 10.5
PbO,(s) -277.4 -217.33 68.6
PbSO,(s) -919.94 -813.14 148.57
PbBr,(s) -278.7 -261.92 161.5
PbBr,(aq) -244.8 -232.34 175.3
S ./
Mg(s) 0 0 32.68
Mg(g) 147.70 113.10 148.65
Mg (aq) -466.85 -454.8 ~138.1
MgO(s) -601.70 -569.43 26.94
MgCO,(s) ~1095.8 ~1012.1 65.7
MgBr,(s) -524.3 -503.8 117.2
SS AL
Hg(1) 0 0 76.02
Hg(g) 61.32 31.82 174.96
HgO(s) -90.83 -58.54 70.29
Hg,Cl,(s) -265.22 -210.75 192.5
Nl
N,(g) 0 0 191.61
NO(g) 90.25 86.55 210.76
N,O(g) 82.05 104.20 219.85
NO,(g) 33.18 51.31 240.06
N,0,(g) 9.16 97.89 304.29
HNO,(1) -174.10 -80.71 155.60
HNO,(aq) -207.36 -111.25 146.4
NO; (aq) -205.0 -108.74 146.4
NH,(g) -46.11 -16.45 192.45
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1 G LE Sei A USE du#

AH°/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K mol™)
NH,(aq) -80.29 -26.50 111.3
NH; (aq) -132.51 -79.31 113.4
NH,OH(s) -114.2 — —
HN,(g) 294.1 328.1 238.97
N,H, (1) 50.63 149.34 121.21
NH,NO,(s) -365.56 -183.87 151.08
NH,CI(s) -314.43 -202.87 94.6
NH,CI10,(s) -295.31 -88.75 186.2
O,(g) 0 0 205.14
0,(g) 142.7 163.2 238.93
OH-(aq) -229.99 -157.24 -10.75
BTl
P(s), 4% 0 0 41.09
P,(g) 58.91 24.44 279.98
PH,(g) 5.4 13.4 210.23
P,0,,(s) -2984.0 -2697.0 228.86
H,PO,(aq) -964.8 — —
H,PO,(1) -1266.9 — —
H,PO,(aq) -1277.4 -1018.7 —
PCl,(1) -319.7 -272.3 217.18
PCl,(g) -287.0 -267.8 311.78
PCl(g) -374.9 -305.0 364.6
b
K(s) 0 0 64.18
K(g) 89.24 60.59 160.34
K'(aq) -252.38 -283.27 102.5
KOH(s) -424.76 -379.08 78.9
KOH(aq) -482.37 -440.50 91.6
KF(s) -567.27 -537.75 66.57
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& N o AT di
AH®/ (kJ mol™) A4G°/ (kJ mol™) S°/(J K mol™)

resbn
KCl(s) -436.75 -409.14 82.59
KBr(s) -393.80 -380.66 95.90
Kl(s) -327.90 -324.89 106.32
KCIO,(s) -397.73 -296.25 143.1
KC10,(s) -432.75 -303.09 151.0
K,S(s) -380.7 -364.0 105
K,S(aq) -471.5 -480.7 190.4
Ok
Si(s) 0 0 18.83
SiO,(s,a) -910.94 -856.64 41.84
hilx
Ag(s) 0 0 42.55
Ag'(aq) 105.58 77.11 72.68
Ag,0(s) -31.05 -11.20 121.3
AgBr(s) -100.37 -96.90 107.1
AgBr(aq) -15.98 -26.86 155.2
AgCl(s) -127.07 -109.79 96.2
AgCl(aq) -61.58 -54.12 129.3
Agl(s) -61.84 -66.19 115.5
Agl(aq) 50.38 25.52 184.1
AgNO,(s) -124.39 -33.41 140.92
55
Na(s) 0 0 51.21
Na(g) 107.32 76.76 153.71
Na‘*(aq) -240.12 -261.91 59.0
NaOH(s) -425.61 -379.49 64.46
NaOH(aq) -470.11 -419.15 48.1
NacCl(s) -411.15 -384.14 72.13



267 <

& LN s SUE du

A/ (kJ mol™) 4,G°/ (kJ mol™) S°/(J K mol?)
NaCl(aq) -407.3 -393.1 115.5
NaBr(s) -361.06 -348.98 86.82
Nal(s) -287.78 -286.06 98.53
NaHCO,(s) -947.7 -851.9 102.1
Na,CO,4(s) -1130.9 -1047.7 136.0
b (oS
S(s), 0 0 31.80
Ss), b 0.33 0.1 32.6
S*(aq) 33.1 85.8 -14.6
S0,(g) -296.83 -300.19 248.22
S0,(g) -395.72 -371.06 256.76
H,SO0,(I) -813.99 -690.00 156.90
H,SO0,(aq) -909.27 -744.53 20.1
SO (aq) -909.27 ~744.53 20.1
H,S(g) ~20.63 -33.56 205.79
H,S(aq) -39.7 -27.83 121
SF,(g) -1209 -1105.3 291.82
N
Sn(s), 4% 0 0 51.55
Sn(s), -2.09 0.13 44.14
SnO(s) -285.8 -256.9 56.5
Sno,(s) -580.7 -519.6 52.3
ek
Zn(s) 0 0 41.63
Zn*(aq) ~153.89 ~147.06 ~112.1
ZnO(s) -348.28 -318.30 43.64
Zn(g) +130.73 +95.14 160.93

S AEGAIEUET o B A b U 3l d it QL 8 ST fiut J#
e el dEE m Ul re @ AL Uie dbde ert
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= Qe

TNl

AH°/ (kJ mol™)

N

AH°/ (kJ mol™)

des S

AG°/ (kJ mol™)

g

S°/(J K mol™?)

oS e

CH,(g), methane

C,H,(g), ethyne (acetylene)
C,H,(g), ethene(ethylene)
C,Hi(g), ethane

C,H,(g), propene (propylene)
C,H,(g), cyclopropane
C,H(g), propane

C,H,.(g), butane

C.H,,(g), pentane

CsH,(1), benzene

CsHo(g)

C,H,(1), toluene

C,H,(@)

CsH,,(1), cyclohexane
CHy,(g),

C.H,s(1), octane

JUs 5 o J= 551
CH,OH(]), methanol
CH,OH(g)

C,H,OH(l), ethanol
C,H,OH(g)

C,H,OH(s), phenol
Carboxylic acid
HCOOH(]), formic acid
CH,COOH(]), acetic acid
CH,COOH (aq)
(COOH),(s), oxalic acid
C:,H,COOH(s), benzoic acid

-890
-1300
-1411
-1560
-2058
-2091
-2220
-2878
-3537
-3268
-3302
-3910
-3953
-3920
-3953
-5471

-726
-764
-1368
-1409
-3054

-255
-875

-254
-3227

-74.81
226.73
52.26
-84.68
20.42
53.30
-103.85
-126.15
-146.44
49.0

12.0

-156.4

-249.9

-238.86
-200.66
-277.69
-235.10
-164.6

-424.72
-484.5
-485.76
-827.2
-385.1

-50.72
209.20
68.15
-32.82
62.78
104.45
-23.49
-17.03
-8.20
124.3

113.8

26.7

6.4

-166.27
-161.96
-174.78
-168.49

-50.42

-361.35
-389.9
-396.64
-697.9
-245.3

186.26
200.94
219.56
229.60
266.6
237.4
270.2
310.1
349
173.3

221.0

204.4

358

126.8
239.81
160.7
282.70
144.0

128.95
159.8
86.6
120
167.6
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Aldehydes and ketones
HCHO(g), methanal
(formaldehyde)
CH,CHO(]), ethanal
(acetaldehyde)
CH,CHO(g)
CH,COCH,(l), propanone
(acetone)

Sugars

C:H,,04(s), glucose
C:H,,04(aq)

C:H,,04(s), fructose

C,,H,,0,,(s), sucrose

Nitrogen compounds
CO(NH,),(s), urea
C.H,NH,(1), aniline
NH,CH,COOH(s), glycine
CH,NH,(g), methylamine

-571

-1166

-1192

-1790

-2808

-2810

-5645

-632
-3393
-969
-1085

-108.57

-192.30

-166.19

-248.1

-1268

-1266

-2222

-333.51
31.6
-532.9

-22.97

-102.53

-128.12

-128.86

-155.4

-910

-917

1545

-197.33

149.1

-373.4
32.16

218.77

160.2

250.3

200

212

360

104.60
191.3

103.51
243.41
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o

VII ,.Afa

Reduction half-reaction E°/V Reduction half-reaction E°/V
H,XeO, + 2H" + 2" — XeO, + 3H,0 +3.0 Cu"+e — Cu +0.52
F, + 2¢" — 2F- +2.87 NiOOH + H,0 + e — Ni(OH), + OH +0.49
0, + 2H" + 2" —> 0, +H,0 +2.07 Ag,CrO, + 2" — 2Ag + CrOy +0.45
SQO§_+ 2¢ — 5 2507 +2.05 0O, + 2H,0 + 4 —— 40H" +0.40
Ag'+e — Ag’ +1.98 ClO, + H,O + 2 — CIO; + 20H" +0.36
Co® + e — Co? +1.81 [Fe(CN) > + & — [Fe(CN) " +0.36
H,0, + 2H" + 2¢ — 2H,0 +1.78 Cu® +2¢ — Cu +0.34
AUt + 6 — Au +1.69 Hg,Cl, + 2" — 2Hg + 2CI' +0.27
Pb* + 2¢ — Pb** +1.67 AgCl+ e — Ag+ CL +0.27
2HCIO + 2H + 26 — Cl, + 2H,0  +1.63 Sl SN B +0.20
e 4 o s L6l SOZ + 4H* + 26" — H,S0, + H,0 +0.17
L Cu® +e —> Cu' +0.16
2HBrO + 2I+i +26—> Br22+ +2H,0  +1.60 S 4 26 s Sl 01c
Mng4 + _8H + 5e f Mn™ + 4H,0 +1.51 AgBr + & — Ag + Br' +0.07
Mn” + € — Mn +1.51 Ti* + e —s Ti® 0.00
Au®* + 3¢ — Au +1.40 9H" + 2e- —> H, 0.0 by
Cl, + 26— 2CT +1.36 definition
Cr,07 + 14H" + 66— 2Cr* + 7H,0  +1.33 Fe** + 3e-— Fe -0.04
O; + H,O + 2¢" — O, + 20H" +1.24 0, + H,0 + 26 — HO;, + OH" -0.08
O, + 4H" + 4¢ — 2H,0 +1.23 Pb% +2¢e — > Pb -0.13
ClO; + 2H' +2e" — CIO; + 2H,0 +1.23 Inf+e — In -0.14
MnO, + 4H' + 26— Mn*" + 2H,0  +1.23 Sn** + 26— Sn -0.14
Pt + 2" — Pt +1.20 Agl +e —> Ag+ T -0.15
Br, + 26 — 2Br~ +1.09 Ni** + 2e" — Ni -0.23
Pu* + e — Pu® +0.97 V¥ +e — V* -0.26
NO; + 4H* + 3¢ — NO + 2H,0 +0.96 Co™ + 2e"— Co -0.28
2Hg” + 2¢” — Hg?% +0.92 In* + 3¢ —— In -0.34
ClO™ + H,0 + 26 — CI" + 20H" +0.89 T +e — Tl -0.34
Hg” + 2¢ — Hg +0.86 PbSO, + 2¢" — Pb + SO% -0.36
NO; + 2H' + & — NO, + H,0 +0.80 Ti" + e — T -0.37
Ag' +e — Ag +0.80 Cd* + 2¢ — Cd -0.40
Hg% +2¢" —» 2Hg +0.79 In* + e —— In* -0.40
Fe® 4+ e s Fe?* +0.77 er +e — Cr* -0.41
BrO + H,0 + 2¢ —— Br + 20H" +0.76 fe™+2¢ — Fe ~0.44
Hg,S0, +2¢” — 2Hg + SO +0.62 I+ 2¢°— In 0.44
MnO? + 2H,0 + 2¢" — MnO, + 40H  +0.60 St2e—5S ~0.48
MnO; + e — MnO* +0.56 I +e——n ~0.49
4 . 4 U +e — U™ -0.61
I? * 26_ - 21_ +0.54 Cr* +3¢ —> Cr -0.74
I[;+2e — 3l +0.53 Zn* + 26 — Zn -0.76

(continued)
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Reduction half-reaction E’/V Reduction half-reaction E°/V
Cd(OH), + 2 — Cd + 20H" -0.81 La® + 3¢ — La -2.52
2H,0 + 2" — H, + 20H" -0.83 Na* + e — Na -2.71
Cr** + 26— Cr -0.91 Ca’* +2¢e —— Ca -2.87
Mn?* + 26— Mn -1.18 Sr?* + 2e"— Sr -2.89
V2426 —V -1.19 Ba?* + 26— Ba -2.91
Ti?* + 26— Ti -1.63 Ra%* + 2e—— Ra -2.92
AIP* + 3e-—— Al -1.66 Cst+e ——> Cs -2.92
U +3e —> U -1.79 Rb*+e —> Rb -2.93
Sc3* + 3¢ —— Sc -2.09 Kt +6 — K -2.93
Mg?* + 2 —— Mg -2.36 Li* + e —> Li -3.05
Ce®* + 3¢ —— Ce -2.48




1.20

1.22

1.27
1.30
1.31
1.32

1.35
1.36

2l fr 5

~15x10*g,1.25%x 10" m

(i) 4.8x10° (i) 2.34 x 105
(v) 6.0012 x 10

@ 2 (i 3 (iii)
v) 4 (vi) 5

(@ 34.2 (i) 10.4 (iii)
6.00 x 10 m =0.600 m

(i) 2.87 x10"'pm (i) 1.515x 10°
1.99265 x 10%°g

@ 3 (i) 4 (iii)

39.948 g mol™

0.94 g CaCo,
8.40 g HCI

13(1

(iif) 8.008 x 10¢  (iv) 5.000 x 10
4 (iv) 3
0.0460 (i) 2810
UIFE ()
(10° mm, 10*° pm):—IZ (i) (b)
(10° kg, 10° ng):—I# (ii)
(10° L, 10 dm?):1?? (i)
ERUVANC <6t/ B 0
(rd,y,;B (iv) J.?(—oxw‘k;,;/l; (iii)
<ULfA
428.5¢ (i) 2571 g (i)
b isi SO Pk 5715 g (i)
Ao
s (i) 2.5365 x 10°kg
4

(-17.8286 x 10% (i) (113 (i) (~/3.131 x 10 ()
C,H,J»6JdUL220¢ mol’l.:a,f,{)}":CH .Jmsdé/;iu

1.21

1.23

1.24

1.26

1.33
1.34
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2.1
2.2

2.3
2.4
2.5
2.6
2.7
2.8
2.9

11
12
13
14
15
16
17

18

2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28

23(1

@ 1.099 x 107 oI
i) 6.022 x 10%u20)

(i) 5.48 x 107kg, 9.65 x 10'C

(i) (a) 2.4088 x 10** L% (b) 4.0347 x 10° kg

(iii) (@) 1.2044 x 10* UU’}/? (b) 2.015 x 10° kg

7,6: 8,8: 12,12: 30,26: 50, 38

@ cl (i U (iii) Be
5.17 x 10" s, 1.72 x 10°m™

(i) 1.988x 10"J (i) 3.98 x 10°J

6.0 x 10°m, 5.0x 10°s" and 16.66 m™

.

2.012 x 105ty

(i) 4.97 x10"J(3.10eV); (ii) 0.97 eV (ii)) 5.84 x 10° m s™

494 kJ mol™

7.18 x 10"s™

4.41 x 10"s™, 2.91 x 10°J

486 nm

8.72 x 107°°J

15 L5170

(i) 8.72x10%*J (i) 1.3225 nm
1.523 x 10° m™

2.08 x 107! ergs, 956 A

3647A

3.55 x 10"'m

8967A

Na', Mg*, Ca®"; Ar, S and K'

@ @ 1s* (b) 1s®2s®2p°% (¢ 1s°2s2p°
n=>5

n=31=2 ml=-2 1,0 +1, 2C3LJ)
(01] 2903’5{.

1,2,15
@ t m
0O O

(@) 1s°2s”2p°

=g



2 -2,-1,0,+1,+2
@ !l =2;m,=-2,-1, 0, +1, +2
(iii) 2s, 2p
2.29 (@) 1s, (b) 3p, (¢) 4d and (d) 4f
G @ 0@
A2 o) 16 (@
233 n=2ton=1
2.34 8.72 x 10'°J
2.35 1.33 x 10°
2.36 6nm
237 (@ 1.3x10*pm (b) 1.23 x 10°
2.38 1563
2.39 8
E&Lz»f{u@ (Deflect) & 9L fé&ls» J.:,us-m, (e W;’Jfgi Ku;:'ﬁ‘ é&ts».f{ﬁ_/}@n&up Selik
-fn ﬁnﬁJgusLu@lga&uﬁ@i@
-gﬁﬁnﬁ:ﬁ&{éﬁ:ﬁﬁan%:fyz:Jnub@lﬂu{ui&%uﬁuf@ﬂé&/’&n%;%ﬁ
2.42 SBr
2.43 ert
2.44 oFe®
FM > j}/:?b ..f/d/:‘>ufb'~"—x> Jfl:«’&l.fg

2.46 3.3x10"J

2.47 (@) 4.87 x 10" s™ (b) 9.0 x 10°m (¢ 32.27 x 10*°J
(d) 6.2 x 10"
2.48 10

249 8.28 x10'°J
2.50 3.45x10%2J
2.51 (a) 652.46 nm /.:%:GU}%J

(b) 4.598 x10s’ A S el

(©) 929 x 102 5 Ji {1179, 4.516 x 10'ms SIS AS D19 i e b
2.53 448 eV
254 7.6x10°eV

5:@/%’{)

2.56 434 nm
2.57 455 pm
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2.30
2.31

2.40

2.41

2.45

2.55
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2.58 9.89 ms™”
2.59 332 pm
2.60 1.51 x 10®" m
_‘a(cd?rﬁuﬁd??fxf/‘ﬁclpd/ufuyf 2.61

2.62 (v) < (i) = (iv) < (vi) = (iii) < (i)

2.63 4p

264 (@) 2s (i) 4d (iii) 3p

2.65 Si

266 (a) 3 b) 2 () 6
(@ 4 (e) zero

2.67 16

5(3(:

5.1 2.5 bar

5.2 0.8 bar

5.4 70 g/mol

5.5 M, =4M,

5.6 203.2 mL

5.7 8.314 x 10* Pa
5.8 1.8 bar

5.9 3g/dm’®

5.10 1249.8 gmol™
5.11 3/5

5.12 50K

5.13 4.2154 x 10* UU);?I
5.14  1.90956 x 10° Ju-
5.15 56.025 bar

5.16 3811.1 kg

5.17 5.05L

5.18 40 g mol”

5.19 0.8 bar



6.1
6.2
6.3
6.4
6.5
6.6
6.7

6.8

6.9

6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17

6.20

6.22

7.2
7.3
7.5

GJKI

(i)

(iii)

(i)

(iii)

(@)

(iv)

q=+701J
w=-304J. (c LYpb2L 5L r650)
AU = 307dJ

- 741.5kJ

1.067 kJ

AH = -5.65 kJ mol™
- 314.8kJ

AH =-778 kJ

- 46.2 kJ mol”

- 239 kJ mol™

326 kJ mol™

AS >0

200 K

(e fUtd ol e L Ui oe st L Ul e § as (e npb S e & an

< uf."( Uls s (Spontaneous) ;f]!d’ l;,:O. 164 kJ,

-55.27 kJ mol™

276

6.18
6.19

< A S (DNoFe F T (UDN0 621

Qoue = + 286 kJ mol™
AS,. =959.73J K

78(!

12.229
2.67 x 10*
(i) 4.33 x10™* (i) 1.90
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7.6
7.8

7.10
7.11

7.14

7.16
7.17

7.20

7.22
7.23
7.24
7.27
7.30
7.31
7.33
7.34
7.35
7.36
7.37
7.38
7.41
7.42
7.43

7.45

7.46

1.59 x 10°"®

[N,] = 0.0482 molL", [O,] = 0.0933 molL", [N,O] = 6.6 x 10" molL""

7.47 x 10" M
4.0

0.44

[I] =[CL] =0.167M, [IC]] = 0.446 M
[C,Hl.,, =3. 2 atm

J#0.0178L Br, s/ J» 0.0355 L NO

- ﬂuﬁdbg{uﬂJ&ﬂgc =2.97 x 10°.

H3Ur0.068L L rL,uH,

[CH,COOC,H.][H,0] / [CH,COOH][C,H,OH] ()

-Lmu:{)’w)l?;w‘g. &.KC/I:J Q, (i) 3.92 (ii)

[Peol = 1.739atm, [Pco,] = 0.461atm.

3x10*mol L
0.149

a) - 3b5.0kd, b) 1.365 x 10°

(L £ U5)0.02 mol L

et LU v S

[Pl = [Paole, = 2.5 x 107 bar, [Py] = 10.0 bar

b) 120.48
[H,]., = 0.96 bar
2.86 x 10 M
5.85 x 107

NO,. HCN, CIO,, HF, H,0, HCO;, HS"

BF,, H', NH;

F, HSO,, CO>
NH,, NH;, HCOOH
2.42

1.7 x 10*M

F=1.5x 10", HCOO= 5.6 x 10!, CN'= 2.08 x 10
10° = x bl Bl Ter $1=2.2 x 10° = 4.47 x 10°  7.44

[HS]=9.54 x 10°, in 0.1M HC1 [HS] = 9.1 x 10°M, [S*]= 1.2 x 10" M, in 0.1M HCI [S*]=

1.09 x 10°M
[Ac]= 0.00093, pH= 3.03

s

7.9

7.18

7.19

7.21
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7.47
7.48
7.49
7.50
7.51
7.52
7.53
7.54
7.55
7.56
7.57
7.58

7.62

7.65
7.66

[AT]=7.08 x10°M, K,= 5.08 x 107, pK,= 6.29

a) 2.52 b) 11.70 ¢ 2.70 d 11.30
a) 11.65 b) 12.21 ¢ 12,57 d) 1.87

pH =1.88, pK, =2.70

K,=1.6x 10° pK, = 5.8

a=6.53x%x10* K, =2.35x 10°

a) 0.0018 b) 0.00018

o = 0.0054

a) 1.48x10"M, b) 0.063 ¢ 4.17 x 10°M d) 3.98x 107
a) 1.5x10"M, b) 10°M, ¢ 6.31x10°M d 6.31x10°M

[K'] = [OH] = 0.05M, [H] =2.0 x 10*M
[Sr*] = 0.1581M, [OH] = 0.3162M , pH = 13.50
uﬁf»erHCho.m M:a = 1.63 x 102 pH =3.09. a = 1.32 x 107
=0.0457 26T K, =2.09 x 10*
=2.36 x 10° 24 Kf,«“/“g,.,TpH =7.97.

K, = 1.5 x 10°
-t J#FS L1 NH,NO, (KF<NaCN, NaNO,«(j? Jﬁuf INaCl, KBr
pHS UKL 1= 2.87 (b) =194 JUF_iZpH (@)
pH=6.78
a) 116 b) 7.00 o 1.3

ol Ag= 1.30 x 10°M S = 0.65 x 10" Mxs oo
teotrd S = 1.1 x 10°Me e U Cro? = 0.65 x 10°M
1.1 x 10°Mie— =l Ll e UL Ud CrozsiBa 4L Tui’gJ/}fs =1.39x 10°M
cf,,/U}"u( Fe* = 1.39 x 107"°M; .v,Aer/ [OH]=4.17 x 107'°M
nﬁg S = 1.59 x 10°M; ezl Pb™ = 1.59 x 10°M
cf,,/U}"u( Cl'=3.18 x 102M; fu’l:"ﬁgﬁuﬂ// S =2.24 x 107°M;
colUrd He =2.24 x 107°M and o U#d T = 4.48 x 10°M
91.9:c S s Suina £ i Foli B b
dj —»*" (Precipitate) —~ (j!(
sk Jaa}‘l,)b'?s.?)l?/?pH[ (Silver Benzoate) &l s
~e 2.5 x 10" Measlrolie sl §U¥
A3l
- di’: (Precipitation) %/"uﬁ J}L; i’u}g ‘{,y/
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7.59
7.60
7.61

7.63
7.64

7.67

7.68
7.69
7.70
7.71
7.72
7.73



Jgj’:u

184 (&L’i; J ‘)'3 I4:) Bond dissociation energy
115,125,184 ((jjla?&u?.)Bond enthalpy
136 (GLJJD«) Bond length
113 (U3,Tk)Bond order
186 (J?/ - #%)s2) Born-Haber cycle
60 (rl/:a 3 é/u’/ﬁ il) Boundary surface diagrams
147 (U)}L?KJL)Boyle's law
158 (Jfl« L) Boyle point
158 (eil7 o0 J /L) Boyle temperature
Bronsted-Lowry acid and bases

229 (Ul 2 Sot-212)
236 (J’L{ — () Buffer solution
C

32 (u’fWJ L:() Cannal rays
30 (ufw;’,a?{) Cathode rays
30 (uxf Py 5:;{ ) Cathode ray tube
92 (u: T&;’/ ) Cation
149 (UJWKu{g)Charles‘ law
88 (Jflj La) Chalcogens
201 (e ¥ & LA:.K) Chemical equilibrium
4 (= .l:ir" (j .L;‘.‘.( ) Chemical properties
99 (e J.lf‘.‘.() Chemical reactivity
153 (y’ G’qu/«;‘ ) Combined gas law
234 (/"lu: TJ}})Common ion effect
3 (-/'// ) Compound
223  (Uzyulbiale Cf) Conjugate acid-base pair
45 (=t JJ/ ) Continuous spectrum
108 (& By s«{ /" ) Covalent bond
91 ( /Jb‘w}.“ﬁj u“( /” ) Covalent radius

A

150 ( /’g}lb ) Absolute zero
10 (=7 ﬁ))Accuracy
87 (b l'(:’h”/l ) Actinide series
168 (& £ Adiabatic
Alpha (o) particle scattering experiment

84 (o FE50,50)
92 (¢/Ter) Anion
153 G E:'L}T)Aqueous tension

222 (Jllnl u’.ﬁ:"/T)Arrhenius acids and bases

1,3,12 ((fl)Atom
14 (&z{ Ufi’)Atomic mass
15 (L} 1 _"a.r,{ (j%l ) Atomic mass unit
33 (J}"L U%")Atomic models
36 Gx Ufif)Atomic number
56 ( J'b”/’ u‘i’.] ) Atomic orbitals
91,93 (/SJJJU’}:")Atomic radius
38 (b u’i 1) Atomic spectra
64 (Js1¥ 3L 3sl) Aufbau principle
15 ( o{,{ U‘ilbﬂﬁ’)Average atomic mass
17 (s g);f ) Avogadro constant

14.147 (K,3647) Avogadro Law

* by
57 ( / ’/ l[ $Les) Azimuthal quantum number

B
47 (A+41) Balmer series
6 (g1 J..‘b ('L1) Base physical quantities
47 (Jfl./;}f Kﬁ')Bohar Model of Atom
48 (/JJJJ/:){)Bohr radius
114 (o0 &y) Bond angel
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-

88
88
88
19
45
173

178
184
183
185
189
153
206
206
199
160
68

62

175

(~ U‘J = p) Elements p-block
(~ g Ik~ f) Elements f-block
(~ e Ik-s)Elements s-block
(Jss Jé-. _7“1) Empirical formula
(=2$$.171) Emission spectrum
(U,J, &) Enthalpy

Enthalpy change during phase transformation

(u’:ﬁuﬁ Gl J;Aﬁ:éﬁ)

(d Ped d/ (f&‘")’/l.}?.l) Enthalpy of atomization
(UJ,, & d/ J |}7') Enthalpy of combustion
(UJ,, wH J J’L{ ) Enthalpy of solution

( Q lﬁi) Entropy

(= hslr d/ <) Equation of state

(L) ) Equilibrium constant

(e lslr@J1¥) Equilibrium equation

(o2 T1¥) Equilibrium mixture

(s QU w1¥) Equilibrium vapour pressure

(@I AL \») Exchange energy
(&b J’M d/ (1’10 Excited state of atom
( Mrp &3) Extensive property

F
(st gu%b) Fajan’s rule

170 (Y46 154 1 l{// )First law of thermodynamics

110
16

147

12

151

(@/.l'g J/ 6)Formal charge
( .:«f,{,bf‘/ 6)Formula mass

G
(J:'// )Gas
(u.fl;’.é Wf) Gas laws
Gay-Lussac’s law of gaseous volume
(6L £ AT
Gay-Lussac’s law, pressure temperature

(gj‘) e il I6 KJ)’;}/ )relationship

159
159
159
167

14,24

153

36

156
99
15
10
117
145

145
145
51

192

62

30

3

96
95.101
38

38
65,86
88
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¢1% J’i 6) Critical pressure

(eil7 o0 J'i 6) Critical temperature
((g J’i 6) Critical volume

( ( W.£:) Closed system

D

(:/ }J U’i’ guij I3)Dalton’s Atomic theory
Dalton’s law of partial pressure
(K382 659)

(&5 C’/)Density

(ﬁ:f:ﬁ )Deuterium

Deviation from ideal gas behaviour
(Sifie S5 02T

( L}L;] S Diagonal relationship

(= UL u‘)f’. 133) Diatomic molecules

(:/ f“ (»l) Dimensional analysis
(é/}"dz’ JU’) Dipole moment

(:«)”U;f (jlf —Jg gjif) Dipole-dipole force
Dipole induced dipole forces

(U 3y disdudydin

(=d S/EE) Dispersion force

(Jf/ / Iras K»sl) Dual behaviour of matter
(w’ [y (3@/7 ) Dynamic equilibrium

E

(e La é't’/b/.. 73 Effective nuclear charge
(v 1}? /) Electron

( /"‘& )Element

(e J/. ) Electronegativity

(d vl uif ¢ V‘g') Electron gain enthalpy

(C (5] u’:b (Vi J/) Electromagnetic radiations

( b%} U”:b v J/. )Electromagnetic spectrum
(Jéﬁ d'/b’..a ')Electronic configuration
(~ oy k—d) Elements d-block
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b S
36 (< #+'T)Isotopes
92 (61]1 d%' f") Isolectronic species

K
149 (e on u).f( )Kelvin temperature scale

107 (5 }) (f ;J.. 'J:}J/ )Kossel ~Lewis approach

L

. 5
113,186 (d (5= gf") ) Lattice enthalpy
88 (,u“ % W’%‘) Lanthanide series

206 (IGELY &L;‘.'.'/) Law of chemical equilibrium
12 (U)’ g J :—;{ )Law of conservation of mass
12 (UsbE. e @'JL‘V )Law of definite proportion
12 (Ut dM )Law of multiple proportions
79 (f{o-"«v/T)LaW of Octaves

79 ({K %17)Law of Triads
217 (Jr‘ s ;’J‘%L) Le Chatelier’s principle
108 (&L/.Llfu'g)Lewis dot structure
107 (;‘«Ll)iuzg)Lewis symbols
224 (JL/'/J’?V/:U);J)LCMS acids and bases
21 ( J b ($214 ) Limiting reagent
45 (=t (}} )Line spectrum

Linear combination of atomic orbitals (LCAO)

132 ((LCAO)A{“!J}KJ"’“AU%!)

145 (c«}u,vj )London force
2 (J.}:/)Liquid
160 (&) la‘}":/)Liquid state
158 (sl d/ Urf ) Liquifaction of gases

200 (19 dulx —ﬁj)Liquid —vapour equilibrium

M
6 (G‘«z{ )Mass
36 (e (3’2{ )Mass number
22 (ue (} :«,{) Mass per cent

191,192
62

88

52

182
211
208

65
127
138
46
222

152

144

168

175

112

226
200,220
92
226,228
93

233
151
151
167
148

Jgi‘!

(JU?U’[) Gibbs energy
(&.ﬁ“ I 31/'/ U( ﬁ')Ground state of atom

H

( J}{? ) Halogens

Heisenberg’s uncertainty principle
(U1 GE ek D)

(Y66 Ud) Hess's law

(ws 1;’1}) l?’/;f ) Heterogeneous equilibria
(c)) |;JJ l?' ) Homogeneous equilibria
Hund’s rule of maximum multiplicity
(U6 6k # i)

( ;,;b); ) Hybridisation

( JM gfuf»’%) Hydrogen bonding

( _:g,)d?ufb/g) Hydrogen spectrum

(¢ Tﬁwf@) Hydronium ion

I

(s l/gf{/ J: J#7)1deal gas equation
(uf ;’. &u L/uf ) Intermolecular forces
( Lj ¢y J? ») Internal energy

(b4 4*)Intensive property

(&4 T)Ionic bond

(Jﬁ LgT¢ d}) Ionic product of water
(otd U: T)Ionic equilibrium
(/'sh.MJU;T) Ionic radius

(L U%// t#7)Ionization constant

( d W | ﬁ// Cy T)Ionization enthalpy
Ionization of acids and bases
(FHAYTE s I )

o7 +T)1sobar

(¥ Disocore

(( G, /’ )Isolated system

(r/;ﬂ/f) Isotherm



108
167
35
58,86
125
97

40
64
17
83
83
83
97
40
226
41
4
127

14,184

10
48,56
32

36

3

40
55

34
34

o

({{ s"a../“"'/ T)Octet rule

(( V3 UA‘/ ) Open system
(&) Orbit

( J'évl) Orbitals

( 5,«;,) 38/ J’L‘/ /) Orbital overlap
(b d/;{é ) Oxidation state

P

(= }} J & s3)Particle nature

( gpl Ul Kd&) Pauli’s exclusion principle
( _—:;'/ FhP d) Percentage composition

( :Aj d/») Periodic groups

(ﬁ Jn }bd},«g d/)J)Periodic table long form

(st Ju.g d/») Periodic table periods
() J =3)) Periodicity of valence

(4 }J fb/'/ 187 1},) Planck’s quantum theory

(J:C'pH) pH scale

i Lj/. .t:‘) Photoelectric effect

( ayﬂ? J:b ) Physical properties
(%{pi)pi bond

( - u L/U‘E / /?/ ) Polyatomic molecules

( uy’ ’L;. JE;) Precision

( / f‘;b’/ J"){) Principal quantum number
(¥ E’)/?) Proton

( (:1’)4 ) Protium

( 2_ ud ) Pure substance

,, Q
( ﬂ)’/ ) Quantum

by
(=lEs f’ ) Quantum mechanics

R
(2,6t ) Radioactive elements
($/€t) Radioactivity
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2 (ssL) Matter

Magnetic orbital quantum number
58 ( / ’;1:( Jé‘/ f ‘f"'b t2-)
6 ((Uw gf“él ri g,) Measurement, English system
6 (”Uﬂ J /"f ‘C'// g. ) Measurement, Metric system

6 ( fg ri &1.) Measurement, Volume
83 (59263 kx) Mendeleev's periodic law
90 ( u;;' (23) Metals
91 (fFid gbw) Metallic radius
190 (=#2) Metalloids

178 ((}f A J =30 ) Molar enthalpy of fusion
178 (UJ,, A d/ /f ) Molar enthalpy of vaporization

1,3,14 (L) Molecule
20 (=JU#*) Molality
20 (esU#*) Molarity
16 (d}" )Mole
22 ( / J!‘ ) Mole fraction
3 © ) T)Mixture
3 (UJ l;'o T)Mixture homogeneous
3 (UJ L;’/f 0 T)Mixture heterogeneous
83 (:/K Sk J?) Modern periodic law
15 (-"«,{ 3 UL-)Molecular mass
17 (cg{/}" )Molar mass
8 (Jss Ju () Molecular formula
132 (d f" J@l/{gy‘ )Molecular orbital theory
N

National standards of measurements

7 Ul $2Z U
32 ) (yl7%) Neutron
88 (gjf’ff J}’ )Noble gases
60 (54)Nodes
90 (u;: s /:f ) Non-metals
36 (u &K}S) Nucleons

35 ( u"{’. )Nucleus
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151 (3Ll 7209 S \an)
Standard enthalpy of combustion
183 (A S350

Standard enthalpy of formation

182 (uiu’kndjgvu/dz@")

168 ( J& (/) State functions
168 ( cz'/f'"”c/) () State variables
19 ( J}; —) Stoichiometry
30 (i3 (j’i' u’: 3) Subatomic particles
57 (J# ) sublevel
57 (F (,{ 3)Subshell
161 ( flfff, ) Surface tension
167 (S ’)') Surroundings
167 ((Uvj)System

T
7 ( JE; < l/,y))Temperature scales
146 (JU; &/ [7) Thermal energy
145 (Jf 7 L &/ (7 ) Thermal interactions
182 (bl &L:{.( 3/ (7) Thermochemical equations
149 (sl &l{//" ) Thermodynamic scale
162 (&b &g// ) Thermodynamic state
33 (Jde/‘lﬁ?)Thomson model
41 ( U'* ;g / /::%) )Threshold frequency
86 ( ,u“ SsF ) Transition series
36 (ﬁb‘“ﬁ/" ) Tritium

U
15 (-"a;fuﬁ’:' ) Unified mass
152 (e u’{/ J 67) Universal gas constant

Vv
120 (4 }JM ;‘Aj )Valance bond theory
66 (¥ '/;,'g l;ﬁj )Valence electron

u{)‘:u

213 ( M‘: el J () Reaction quotient
9 (/LMJ ¥ ) Reference standard
88 CPaas’h) Representative elements
115 ( ‘j.} Lff )Resonance structures
34 (Jit N (b:l) Rutherford model of atom
49 (L _f/ 3/)Rydberg constant

S
9 ((’f 7 u’: () Scientific notation
56 (e thsls AJ/@) /" ) Schrédinger wave equation
94 C — ) Screening effect
90 ( uf" V3) (Z) Semi-metals
86 () shell
94 CirJes) Shielding effect
63 (6 Uy ’j’g’) Shielding of electrons
126 (1) sigma bond
11 (473" Significant figures
6 (ul;KULASI) SI base units
7 ( (j{l SI d/ iy O/) SI unit of density
6 ( ¢ W sSIKUL K1) SI system of units
6 (&L L ”lb SI)SI system prefixes
7 (éKlSIJ&g{)SI unit of mass
7 ( é K1sI (}/ = !7.?/}) SI unit of temperature
7 ((} K1SI d/ (; )SI unit of volume
2 (U¥)solid
201 (Uilde iz u’)”? ) Solid —gas equilibrium
200 ( uﬂ?u"'f/ U¥) Solid —liquid equilibrium
237 (J J‘? b Lj.{,g Jg ) Solubility product constant
45 (J.L:Z. —2}) Spectroscopy
45 (=) Spectrum
39 (J $55,) Speed of light
69 ( / ﬁl[ 4 ’)Spin quantum number
189 (Jf S/6531) Spontaneous process

Standard ambient temperature and pressure
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118 (5 }) VSEPR) VSEPR theory 163 (U y ss4s)van der Waals forces
W 160 (3L 1) Vapour pressure
39 (ke j )Wavenumber 162 (:‘{;’;/ )Viscosity

6 ( s ) Weight 39 (uzu é / ) Visible light
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