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» Chemical equilibrium arises with the equal rate not equal amount.

» It’s a permanent state.

» It’s a dynamic state on which catalyst has no effect.

~N———————

» X reversible reaction doesn’t terminate rather reaches equilibrium. And
W
sometimes equilibrium is considered as termination.
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Activity or active mass
oQo

xAqueous: Molar Concentration (M) !
Gas: Partial Pressure (atm) Aﬁl?ﬂ !

viiquid : 1
VSolid : 1

Q(%)artial pressure= Total pressurex mol fraction S mQ«HA )

3
Concentration =+ @
@luy
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P

K=

—

Kkﬂ ¢

_ . P
If, K>1; ; More than 50% reactant is converted to product. =1
—% WM_%sPOWn esuls

If, K< 1; (R>P) ; Less than 50% reactant is converted to product. —% LA
__ % fNonm 3P07\¥{A'Y\€0\A}>\

| o
If, K=1; (RZIV’(} Exactly 50% conversion () -z =4

Chemistry 15t Paper
| 5Ew e

S Chapter 04 : Chemical Equilibrium




Rate vs time
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Conc vs time
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Qch.... s eq: X AR\ A
A- ?o\ﬂCA\\Q\ :
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Unit c.af.I§P Ke

Actually there is no unit for them, but for our exam ‘YEAH’

oK. = (molL-1)A" ; Here An= product mole - reactant mole
(aq) + &es.

Kp = (atm)?" ; Here An= product mole - reactant mole

(gas) oy
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Poll Question 01
oQo

QiH, (g) #Cly(g) = 2HCI(g) ; unit of K, is?

9 2.
an = O
(a) atm™? ©
(b) atm™3 kp %«\'m}

\(»c/) Unitless @
(d) atm? ar

aesiie a8 asfirm e
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) Ko or K- ?
/wgi P S@e S

R
Without the total pressure of the system ,@an’t be calculated.

& e
> > kp tlee
A Pr is given'@ velume  Fressunt—

d If volume is given @

d Without both pressure and volume:@
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Type -01 (Equation based)
— o@e

V”Qf, A= B;(KYhen.....5 K, = K, (RT) 4r
a.B=A; Kt /s An= product mole - reactant mole e
.nDA=nB; K" 5™ (only gas)
pnzo (R ]
> HPS)C
91; -~ 8‘
e ) € CVt® )
pn <O
x5 ke e _—
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Math Problem
v@((g)+3H2(g)_\2@(g) . Kp=—atm‘2 ho ET Q \9
@@(g) ﬁ@ (g) @g) KP O Revernse @\ /'5
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Poll Question 02
oQo

For a reversible reaction An = % , at what temperature K, becomes 8x greater than K7
[R = 0.0821 L atm mol™t K~1] [BUET 2014-15]

O -

(@% K o i

(b) 550.5K ‘e -
(c) 650K . - @.ogmﬂ
(d) 880K

T:DK
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Mype-O.Z. (:general) e 9,

0% 05
In a 3L container 12g H, ,140g N, react and produce 34g NH; at the equilibrium state.
Calculate the Eq. constant? 7 Ke
. Mol
1N, (g) + 3H,(g) = 2NH3(g) Ny = =5 f@ Os.
OS: 5— 6 O n“L = _,l'_;,-%’ =
) =
vkl — 3Y
Eq' g 0 R @
7 Ul Vi & eq
v
0 ) 2z 2 —
% L

Ke = —
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Type-03 (No initial amount)

oQo
In 2@ container H, and N, react and produce 1 mol NH;, at the equilibrium state.
Calculate the Eq. constant? °q @ v
IN2(g) + 3Hz(g) = 2NH;5(g) g z |
' O
b5, 1 3 @ o
0 — N~ ,} '@L ] '\/
O 7D
0 5 (r § 1 2_ Y
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Type-04 (percensa.g.e at equilibrium)

In a 4L container there 1s 20%(mol) NH; the equilibrium. if the total pressure of the container is 1.5 atm.

Calculate the Eq. constant. [RUET'03-04,05-06,10-11]

N,(g) + 3H,(g) = 2NH;3(g)

6’ | & o
.Q/(1" \— % LR 27—
667 2 067
mﬁﬂ ol * |- A+ 5 -DBA+2L
= U- 27—
S_2N o0 = 20
nW-2n
N -0
‘—Q_-:";\ — 2——

.k: O.U\—O"Z-K

w= 6°%%

U |sEw

aesiie a8 asfirm e
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vFype 05: Reaction quotient (Q)
—p 'T'nt'HC)\Ha Producl (WY ol

T aA+bB=cCrdD g, k2E N

QV/ P, “x PBd

p P a* B-B b \f
f

[} v [ ]
¢ gal mf& < Q is for any state,
()_\ N
S K is for equilibrium state.
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Math Problem
oQo

—%
o CO,+H, = CO+ HO if K.=a137.& V=D, calculated the
@: ) 6 1 1 concentration of all at equilibrium ?
eq' $-U— b= kA
@)c - __Z_%;-Z—L—’ KQ
S/ Q/L
- 0095,
6 L b
—V
N
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Type 05 (Van't hoff equation)
oQo

ke La__
Relation between -@ and m = ke

InKp = ——=+C Prussurt X
\& p 'ml'}T—t C wjmh& A

)

‘ m—
- > T - >
exolhenmC_ oemao thenmi1C__ T
AR O Y Q«Q
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Math Problem
oQo

aasfie g5 asfina e

If the slope of InK, vs T' is 100K . Then AH="?

NI
— &

DI
F100 K = fmrm"

1 °\
_ 100\ X g- 31y Dol

- |
; rmOl

DY
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Eq. constants at two diff. temperature
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oQo
o 9
N "’%2___—_
(¥ — lmk[___,
.7 _ ,@-):L = e |
K zrl TZ
on /v L
__E-l—v - — (—E Ti TL
o
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Math .P.rgblem
PCl;(g) = PCl3(g) + Cl,(g); AH = +90 kjmol~1.
At 0 °C temperature Eq. constant is 0.00564 atm.
calculate the Eq. constant at 27°C.

5 (HW
B = 56167 Jwrol” O
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Type -07: DISS‘%(iIatlon rate ()

The amount dissociated for per mole

> X w/(\zq(lﬁv“ IMEXIN 4’?(57’/9)/)
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Math Problem
oQo

VU a 2L container, 4mol H, & 2mol N, react. 20% of N, is converted to NH;

pAAASAY ity
calculate the Eq. constant. [BUET’06-07, BUTex’07-08]
! |
Mo, l
_ |
OST U‘ \@ Y |—? 0'2 —
NN B
eq" U-% : o
! 1% b 0% n=0"Y
N.
[{c = _%__-Ky
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Math Problem
oQo

In a 2L container 4mol H,, 2mol N, react .20% of H, is converted to NH;
Calculate the Eq. constant.

‘H\‘L? 7—“”’}. ﬁf:—:o'z_,

05" 2 O |— 02 —
\' Lo 2— u— 03
“ qm =0'3

Y—o0'3 9"0‘% @0% %’9%

e '«—@
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Type-08 (two conventional reactions )

PCl; = PCl, + Cl, N,0, = 2NO,

v Y
@Vw@:%?"o ST

aasfie g5 asfina e
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Acid-Base
oQo

Arhenious Produce H* in solution. Produce OH- in solution
Bronsted-Lowry H" donor H™ acceptor
Lewis Electron pair acceptor Electron pair donor
ii LW Chemistry 15t Paper
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Dissociation constant of acid

0%
Erﬁ
Va = -0 Voo  Ha50u ko My 57 Y
Ty
N H,C0 —0 o < ( CoO
Ay (I 275 HCl g
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dCl
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Which one 1s the strongest acid?

-0

(a) H,SO,
(b) HNO,
(c) H,CO,4
(d) HCIO,

aesiie a8 asfirm e

Poll Question 03
oQo

HNO
5 E

O
B

elOuy Hy S0y MNOg 7 HaCOZ
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Hydrochloric acid
Phosphoric acid
Hydrofluoric acid
Lactic acid

Acetic acid

Carbonic acid
Dihydrogenphosphate ion
Ammonium ion
Hydrocyanic acid
Hydrogencarbonate ion
Methylammonium ion

Hydrogenphosphate ion

Formula

HCl
H;PO,
HF

CH;CH(OH)CO,H

CH;CO,H
H,CO;
H,PO,"

NH,*
HCN
HCO,

CH;NH; "

HPO, >~

®

1.0 x 107

7.5 % 1073
6.6 x 107
1.4 x 107
1.8 x 107°
4.4 x 1077
6.2 % 10°°
5.6 x 10710
4.9 x 10719
5.6 x 1071
2.4 % 10711
42 %1070

©

—-7.00
212
3.18
3.85
4.74
6.36
Fall
9:25
9.31

10.25
10.62
12.38
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Dissociation constant of base
oQo
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ko = —log (¥

Pliblx Goge T
V.74

1413/4\
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Conjugated acid-base
oQo

NSOy H 50y
Acid — H* - Con.Base ,

l& ® @s\l

90(19—— “Sol{.
base + H* = con. Acid

H 1 HI(b |

K. K" K K~
RIS ¢

K,xK, =K, =101

Ka X Kb — KW — 10_14

K, x K, =Kgm=40=*
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lonic product of water
oQo

4 Y

wKy = [HT] [OH7]

w
At 25°C, K,, = 102 mol’L~

Temp| K,
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pH & pOH

pH = —log(H") =
pOH = —log(OH) . Nedie , PN KF

4

At 25°C, pH+ pOH = 14 | Bosic ) P1 77
Zﬂ NQUAM’J . PH =f

$7 Sy
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Math Problem
oQo

Is 1t possible for pH value to be smaller than 0 and greater than14?

Sonemsen
S Amded —— | M NoO H

PY 5 seble — J&/D
PR ~velue (70~ ’9
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Math Problem
oQo

«”

The [H*] of a fruit juice is 3.3 X 1072M. [BUET’08-09]
a. Calculate pH ?

L . _ " BR1072
b. Isitacidic or basic? & P “ \O& G k )

c. Calculate pOH? TS
A C/ \\A\
. Ac\adr C__
y b
Q FOH e PH
- 12'52 __—
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Poll Qti%s.tion 04

1.%5 g HCl 1s dissolved in 3L solution. pH=? [KUET’10-11]

ll
Nped = @

@29 s @e@ﬁ@
O G
(

d) 7.00 '35 ,;@

PH:-\0 -

—
<
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74
pH of@vl H,S0, is =7

Moy — 2T+
-%

—1b

aasfie g5 asfina e

axlD

Math Problem ®:luted.
oQo

W Tated,  eald
L

Q..-’

50, / TO‘Q J j/f'”” () T WZ_}

o> & 9% (%

-3
F 03& M\\& wm‘t
- (692
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Weak acid

oQo
HCl -  H*+Cl CH;COOH = CH,COO + H*
C w”&# C 0 0
C-C C-«C ocC ocC
v
A C
pH=-log(c YWHH=-log(cC) = !
‘3&9 pH=—-log(\/K,xC )
oL —> Mssoe)mHm e
“d i’m Chemistry 15t Paper
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Math Problem
oQo

4
At 298K temp. for acetic acid K, = 1.8 X 107> mol dm™3 .
calculate pﬁl of O.;/mol dm™3 solution. [BUET’06-07,BUTex’07-08]

?H - ——\OBWQ'___.
= —-\ogm o'}

o -t
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pe wenls ocid + sl Buffer Solution ©: wealt bage « st
oQo

1. Resistant for little amount of weak acid or base.

11. \Q%kacid or base 1s a must for making buffer solution.
aod &+ bose
R D
N

111. In the acid-base mixture, to form a buffer solution, weak one has to be
larger 1n amount.

: Chemistry 15t Paper
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Poll Qqe;s.tion 05

Which mixture act as buffer solution? [DU’13-14]
ae)té CW>
RV
(a) 0.2 M 10 mL CH,COOH + 0.2 M 10 mL NaOH
) (2M (OmL CH,COOH + Q.1 M {0mL NaOH

(¢) 0.1 M 10 mL CH,COOH + 0.2 M 10 mL NaOH
(d) 0.1 M 10 mL HCI + 0.2 M 10 mL NaOH
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pH of buffer

aasfie g5 asfina e

M
<
VY

Henderson- Hasselbalch equation:

& gndjgj
WCBH = pK, + log sl ﬁ
At — . n

acid

. _ Dsaie
W\Q/ pOH = pKy, + log-

base
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Math Problem
oQo

A buffer solution 1s consisted by Nz VoS
400 mL 0.1 M NaOH and 600 mL 0.2 M CH;COOH.
pH of the buffer solution 1s ? [For CH;COOH , pK, = 4.76] ot [BUET'17-18]
Kol - W eal chacoOH _\,%—% eHmeoona + Hp O
Limy .
Nalz 06 X0'A -’@
a Vo o _7;‘;';‘%
Mo )= 0°Y KoL - o'oYy Fl“: P & Nocid ,
0-oY
R B
Moy N pY = U 76 f*lo 59— O0Y

BudTen ‘dﬁg\\ -

| Chemistry 15t Paper
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Math Problem
oQo

To form fer solution with 10.0 pOH, with 50cm”® 0.05M HCOOH how much

(cm3) 0.10 HCOONa need to be added? [Khcoon = 1.8 % 107%]
R — 11
i B T pka + o Aﬁﬁt\'
Jp =(um0)zy p F nead
AL
L0~ ‘ oY + lo Vo &
% ~loa(L"o’_Z‘_L, o oA
4 ar
\O _ Vg - ‘
3 rn) Hlod o
56 K 0705
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