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Chapter3:Mass Relationships in Chemical Reactions

1) Transfers between mass and number of moles and number of atom or
molecules

Gl jadl dae g Y gall dae g AWK yuy Jo gl *

* The mole : amount of substance that contains as many elementary entities as
there are in exactly 12.00g of ¢*?

alog 12 (A 2 gall Gl AN 2o (g gl A0 las 6l (e 2 e (g giad Al Salall 4S 1 gal) *
c'? U5 S O

C ) ) e sodadl e e Jsall

Avogadro number (NA) = 6.022 x 1023

1mole - 6.022 x 10?3

Mass( &) m

NO (<A aae)
Molar Mass( sl A4S )M.M Mole=

NA( A8 )

Mole =

EX: calculate Molar Mass for compounds ? S yall 4] sall AT el
¢ molar mass (ca =40.08 /O=16 / H=1 / C=12) g/mole
1.C3Hg0,  M.M=(12x3)+(1x8)+(16x2)=76 g/mole
2.CACO03 M.M=(1x40.08)+(3x16)+(1x12)=100.08g/mole

253230 X G jeaiall Al pl) BSY 4 33,3 300 X _peaiall A ol ALSH = (S yall Al gal) ALY



EX: How many mole of (CH,)are present in8.07g of (CH,)?
(C=12/H=1)g/mole

S yall L)A(‘A\JC807 ‘éjsﬁﬁﬂ\ (CH4) OY g e ?S*
S pall 4] gl ALK Canns
A gal) ALK AN e Y gall 220 it 2
M.M = 12+(4x1) = 16

m 8.07
n=——=— =0.5mole
M.M 16

EX: How many atoms (Ca) are in 60g calcium?(ca=40.07g/mole)

(ca) e)..g....J\SS\ SR PEIRTS ?S *

A gall ALY § ALK e Y gall 22e Caad ]
Y gall 22 pe Gl AN 22 sy D

o om 60 _ s l

"“um 2007 VM€
No N NA

n=—->: - 0=nX
NA

= 1.5%6.022x10%3 = 9x1023 atom

EX: calculate the mass of 3 (AL)atoms ? (AL=26.98 g/mole )

9oalad) dae g <l Al dae e Y el e s (]
A gal) AT g Y gall 220 (e ALK Cowns (2
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No 3

_ _ _ —-24
_NA_6.022><1023_4'98X10 mole

n

m=nxMM =498 x 107%* x 26.98 = 1.3 x 10~ %?g

EX: How many (ca) atoms are there in 80g ca;(po,),?
( Ca=40/0=16/p=30.97)g/mole
S yall (880 9 gall (ca)l ) dae aal®

JalS S yall A gal) ALK s
A gall ALK ¢ ALK o DY gall 220 Crad
S el Al g dae s

(ca) Gl Hd e Cuwal

D wWwN R

1. M.M = (40x3)+(2x30.97)+(8%x16) =309.94 g/mole

m 80
= = .258mole
MM 30997

3. No=n x NA=.258x6.022x10%3=1.55x10%3 molecules
4. Number of (ca) atom = 3x1.55x 1023 = 4.65 x 10%3atom

2.n=

AANAY 3 gladll Jadd (ol gad) 4 5SS yall Al s dae J) gl callay Ladie @ daadle #

M\J\ﬁMu\‘,ﬂ\uJ&uﬂuﬁ.\cQ\JJJJ&&_ISL.\LAJ.\QL)SS}



2) Percent composition of compounds
S pall(nalie ) s (Kl 4 giall Al

nxmolar mass of elament
X100%

*Percent composition of an element=
molar mass of compound

painll A4 gl AIKT) X paiell <l HAl 22c U s w e
%100 X RERIE] 2 = paiall 4 giall Aol

aiall 45 el Al x S pall AlS= puaiall 4 giall 4l
» The sum of % of all elements =100%
%100 (5 st S yall 43 58l 4 gial) dpuill & sane 1l yi™
EX: calculate the mass percent of H/P and O in H3po,?
(H=1/0=16/p=30.97)g/mole
G pall (8 pualiall 4 giall dpail) Casa) *

Syl Al gl ALY s 1

M.M= (3x1)+(1%30.97)+(4x16)= 97.97 g/mole

0/0H= 937X917 X 100% = 3.06%
%p= oo X 100% = 31.61%
%0 = 22° % 100% = 65.32%

97.97



EX: Calculate the mass of oxygen in 25g of H3PO, ?
(H=1/0=16/P=30.98)g/mole (H3P0, = 97.97 g/mole)
¢ S el 8 CpanSY) ALK il *
Sl 3 €U &y i) A an ]

4 X16
97.97

Mass(O) = 65.31x25 =16.32g

%0= = 65.31%

EX: cCalculate the number of grams of cu in 3.71g of (cufesy)?
(cu=63.55/fe=55.84/s=32)g/mole

ggS)d\géﬁq};}A\LpEQﬂ«LLdjb ;x:EAM;\*

CS all 4] gall AWK o (1
raiall & siall Al Cauas (2
il ALK s (3

M.M = (63.55+55.84+2x32)=183.39g/mole

63.55
183.39

Y%cu= X 100% = 34.7%

Mass(cu) = 34.7%%3.71 = 1.287g



3)Experimental Determination of Empirical Formula
At jall Al § Al doall

A. Empirical formula(E.F): Al dxpall
CS ol Ll Jomy 38 i 58 ) o Lol (2

N,05/CHsN: Jie *
B. Molecular formula (M.F): 4 el dapall

HzOz/CLz/C2H4_: du‘“ *

M.M of molecular formula () Gapall 4 gal) ALK
M.M of empirical formula (335 Aauall 4 sal) A1) )

(= o)L=

RS ) Jpedl 3 pamiall 2y giaall Al Jgad idaade v/

63.5% —63.5g

D da Gl sl o
(Aasie dawi b ypa Slo gl ALK J)pudl (ai 3350 g0 eV i daadle ) pualial) AHS Syl 1
Y gall 230 st 2
Y e 22 Jil e dadll (3
Led Al sall AL i g S pall Aol drpall iS5 4
5

(L)@&A\JM\M .



EX: Compound contains only (C/H/O ) has 40.92g C/4.58g H/54.5g O
Determine it empirical formula ?(C=12/H=1/0=16)
¢ Auilad) Lall el o
A e Y gall 220l (1

OY se 22 8 e daudll 2
) dapall cuwal 3

n(C) = % =3.41mole
n(H) = 4'T58 =4.58 mole

54.5
n (O) =——=3.406 mole
16

3.406

3X (CtH130,) » E.F:(C3H,05)

3.41 / 4.58 3.406

He—2 213 [ 0=
3.406 3.406

EX: Calculate empirical formula of the compound that is 80% S and
20%0 ?(5=32.06/0= 16 )g/mole
¢ a0l Lonsal) Crual*
A gial) Aail) e yealiall A Cuun 1
Y gall 22 a2
OY s 22 8l e pndi 3
) Aapall CSSG 4

/ 20% 0 - 20g 80% S — 80g



n(s) = % = 2.495mole

20
n(o) = To° 1.25 mole

s=22%_199 ~ 2

O=——=1 E.F: (520)

EX: Combustion analysis of 0.600g an unknown compound containing

carbon hydrogen and oxygen produced 1.043g of CO, and 0.5670g of
H,0 .
a) What is the empirical formula and of the compound ?
(C=12/0=16/H=1)g/mole

A1) daal) Cuual®

( O/C/H)ALS uuns

%\S}d\ A<l )

OQY s 22 J8l e PO
L) Levall Cuwa

B W N R

1. Mass (C) = %C x mass (C0O5)
= =X 1.043 = 0.284g C

Mass (H) =%H x mass(H,0)

== X 0.567 = 0.063 g H
Mass(0) = Myopqr — (M + My) = 0.600 — (0.063 + 0.284)
= 0.0253g 0



2.n(C) = - = 222 = 0.024 mole

n(H) = MmM = 0'0163 = 0.063 mole

n (0) = —— =222 = 0.016 mole

0024

——=1.5

"~ 0.016

_0.063 _

"~ 0.016

0016 _

"~ 0.016
(Ci5sH,0) X 2 — (C3HgO0,)

b) What is the Molecular formula of the compound the molar mass is
known to be 152g/mole ?
152 4y jad) Lapeall 44 gl ZESY o) Crale 131 Ay jadl Lapall Cisa)
Js¥) & Sl e Aol dapall A sall 4TSN a1

M.M= (12x3+8x1+16x2) = 76

_ M.M (M.F) 152
- M.M(E.F) 76

=2

M.F: 2X (C3H8 02) - (C6H1604)



4) Limiting Reagent Jelall saaall Jalall

+¢ Stoichiometric amounts: the proportions indicated by the
balanced equation
Alaall Lgania 53 Al Lgiany ) jealinl) s (ualiall alail) £38Sa) S
¢ Limiting reagent: reactant used up first in the reaction(or)
Reactant that is consumed completely
S 8 (1) el Jeliill 8 Y 5l llging il Aleliiall salall saaaall saldll
el b Ll Sllgia
¢ Excess reagent: reactants present in quantities greater than
necessary to react with the quantity of Limiting reagent
Balall e Jelaill Lealing Al (e pS) 40y 861 Al dlelaiall 3alall; 3250 31 3Ll

3adall
n+S - ZnS
$ |
(<3leldidl) Reactant product (& s3)
Jall il glad o

(Jmall (B S3) ALK aas

(Y sall 220 Cuatd Gl Jall 2ae J) gl A S )Y gall 230 Caas
Aalaall 8 Lelalas Ao O3lelatall &Y go d2e ands
eﬁj)m\ﬁdsmﬂaw\daw\ )

B W N R
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EX:22g(CO) reacted with 1.7g H,to produce CH;0H . with is the
limiting reagent?(C=12/H=16/H=1)g/mole

COy + 2Hyy) » CH30H,,
farnall Jaladl sa L*

Y gall 220 sy ]

MJM\&J@JSL}ALLA&QQYJAMJJQ&&_Z
daall Jalall ga 408 J31 |3

n(CO) = — = 22— 22— 0.78mole
MM~ (12+16) 28

n(H,) = 27 — 0.85mole

CO====0.78 | Hy === 0425

L.R=H2

EX: Ammonia reacts with diatomic oxygen to from nitric oxide and

water vapor :4NH; + 50, - 4NO + 6H,0 when 30g of NH; and
40g of 0, are allowed to react How many grams of NO?
(N=14/0=16/H=1) g/mole

11



Jeliia J0 Y gall dae Caad ]
aial) Gl e Y gall 220 e ands D
Aaall Jaladl 2aa3 3
(NO) &Y gall 23e 225 ol g Al aladiuly 4
GY sall 222 (e (NO) ALS a5
n(NH;) = ﬁ = % = 1.76mole
0
n(0,) = ﬁ = :—2 = 1.25 mole
1.76
NHy = == = 0.44
1.25 L.R= 0, Jelll sasall Jalall

02 =T=.25

5mole 0, - 4mole NO
1.25mole 0, - X

4mole NO X 1.25mole O,

= 1mole NO
5mole 0, mote

M.M (NO) = 14+16 = 30

m =nx M.M = 1x30 = 30g

12



EX: Nitric oxide (NO) reacts with oxygen gas to from nitrogen dioxide
(NO,) a dark-brown gas:

2NO4; + Oy » 2NO,,;  (N=14/0=16)g/mole

In one experiment 0.886mole of NO is mixed with 0.503 mole of 0,.
1) Calculate the number of mole of NO, produced

(NOy) & sl @Y 5 232 aual ]
(J el 3 )DDlelaiall WY 9o 222 Coual @
Jelatl daadll Jalall daas o
n(NO)=0.886 mole
n(0,) = 0.503 mole

NO= @ — 0.443

L.R=0.443NO

0, =222 = 0.503

2mole NO - 2 mole NO,
0.886mole NO — X

X=0.886 NO, mole
2. Calculate the excess reactant in gram ?
faailal) aldll Al Cual*
AY gall 22 Clual Cauliig 4 ]

Aol Akl oy 2

13



2mole NO - 1mole 0,
0.886mole — X

X =0.443 mole O,

(ea¥) 2aall) Jelall 8 Al G gall 2ae (LY daall) I EY gall 220 = (ailal)

0.503 — 0.443 = 0.06 mole 0,

massO, =nX M.M = 0.06 X 46 = 2.76 g O,

5) Reaction Yield 5 saall 23 yall

¢ Theoretical Yield :amount of product that would result if all
limiting reagent reacted
Alelaia) o gal) JolS @il die (L lai) Lybus 4530 salall 408 7 (5 ylaill il
Jelaill saasdll
+¢ Actual Yield: amount of product actually obtained from a reaction

piiall L Aidal) Aailil) salall e el il
a8 il (e ial sl gl Alaad v/
(Jandl & and il Aiall ool gill ALS i) iiall il vy v/

Y alaal (e nd ) a8 i) il AL ils) ol Y i) aaly v/
(A

14



D s Gl gha o
Jelatll aaaall Jaladl 2aas (1
G @l Y ga g aaaall Jaladl Y ga G i g A (2
il &Y e 22 Gluad dalal)
(=al iy 3Ll A s (3
5l 390 yall i (4

EX: In a certain industrial operation 3.54 x 107 g of TiCL, are reacted
with 1.13 x 107 g of Mg TiCL,, + 2M g, - Tis + 2MgCL,, .

(Ti=47.9/CL =35.45/Mg = 24.3 ) g/mole
a) Calculate the theoretical yield of Ti in grams ?
(Ti) o Y ALY il Conen |

Y gall 220 s ]
Jelall aaaall Jalall 20a5 g SBlas Ao a2
() 8y ZUll) T AlSl a3

. _m __ 354x107  3.54x107 _ 3
n(TiCL,) = MM~ (47.944x35.45)  189.7 186 x 10
~ 1.86 x 10° mole
1.13 x 107 i
n(Mg) = 13 465 x 103 =~ 4.65 x 10° mole

15



5
1.86 X10 — 1.86 X 105

TiCL, =

5
Mg =222 = 232 X 10°

1mole TiCL, = 1mole Ti
1.86 X 10°mole TiCL, —» X
X =1.86 x 10°mole Ti
Mass =nx M.M = 1.86 X 10°> X 47.9 =

89.1 X 10° =~ 8.9 X 10°g = theoretical yield

b) Calculate the percent yield if 7.91 x 10°g of Ti are actually

obtained
¢ o siall 350 5all
Yovield = actually yield « 100%
byteid = theoretical yield °
7o X107 100% = 88.8%
8.9 X 106 oo R

16
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Chapter 5 : Gasses <l )

PRAER
**Properties of common gases: Gl el ALl (ailiadll
= Despite wide differences in chemical properties, all gases more or

less obey the same set of physical properties
DAL ) J<G Gl el adat A3l yal &) 8 Sl QDAY (e a2 )l e
A 3l ailiadll
¢ Four physical properties of gases <l 4l jd jailad & )

1. Pressure(P) Lozl
2. Volume (V) aaall
3. Temperature (T) 3 )loall ds o
4. Amount = mole (n) (Y sall 22 ) 48

1. Presser (p) Jazall

latm = 760torr =760 mmHg 1atm=101325 pa( Jsb)

2. Volume (V) PEN|

1L= 1000ML 1L = 1000cm3




3. Temperature (T) B BN

°C,K K=C+273

1. The Gas Laws

S Ll il o8
A. Boyle law: pressure and volume relationship

Lsall g anall (483l 1 i o 538
= The presser of a fixed amount of gas at a constant temperature is

inversely proportional to the volume of the gas
JLRJ‘(';AA@L.LH}SQ w@@ﬁ'&)\ﬁﬁJJ@JLﬂ\w‘\Lu%m
= Studied relationship between (P) and (V)

axall g Taaall s 45l
= Work done at constant (T) and constant number of mole (n)

Lidy Y
PV, = P,V, ”
P i“«g
P g%
0.6 atm —— {K\//q\q“%{//
ﬂ\,/d%
‘ 1
L 4L ! !
1 1
P « ; P=KXx-=



EX: A 4.50L cylinder contains He, at an unknown pressure it is now
connected to a 92.5L Evacuated cylinder. When the connecting valve
between the two cylinder is opened ,the pressure falls to 1.40atm .

what was the pressure in the 4.50L cylinder ?

o3 Al shauly OV ddpa i oy | iy ae b o 14,50 1e 4l shanl (58
baall iy s g ) shu¥) o Juai¥) plea 058 Laxie 1l 92.5 L&A
¢ 1) shauy) Jaria cueal 1.40
dise Ol alaainly @
Al shaul) Jua 55 ad J)saall 45Y (G ae J9Y) aany U aaaldl 45l 4l o
z s alaay 406N Dl sl ae Y]

V; = 4.50L V, =925+ 4.50 =97.0L
P; =?7atm P, = 1.140atm
P,V = PV,

_ PV, 1140 atm x 97.0L

=302 at
17Ty, 4501 arm

EX: 2.4L sample of gas at pressure 650torr if the pressure increased to
685torr at constant temperature , what is the new volume ?
A.JJ;J‘ eééj\ RN I
d:‘):’ O P é‘: é“h v

PV, =PV,
v _P1V1_650><2.4_227L
> p, 685 7

3



B. Charles Law : volume/ temperature relationship
5oal da Lt 5 anall Gu A8 ;LS o 58
+»* For a fixed amount of gas at constant pressure , volume increases as
temperature increases.
3oloall da )3 3L ) ae aaall 3ol ) | elisal) adzall 8 Slall (e 446 dpas]
¢ Charles worked on relationship of how volume changes with

temperature
(loall Aa 5 anall 5 4S) Gp A e Jls dee
% (p) and (n) constant Y sall aae g Jazazall cild aie
VTasT1
40 4k 483
el O
V V :\e‘)d
_1 — _2 BJ\‘);J\

(K)

= Absolute Zero (zero K),theoretically the lowest attainable

temperature
Lee b (Sar 3l Aa 3 (Sl lladll pall
= Zero Kelvin temperature scale = —273 ¢
(K)=c+ 273



EX : Decreasing the temperature of 10.00 L of Hzg from 25c to (-77 c)

decreases it volume to what volume ?
QIS 8l yall A )y J s
d,)u:‘ 0)313 L_;‘: d*j'-'*-".. 3

25+ 273 =298 K

3
Il

T, = —77 + 273 = 196 K

V, = 10.00L

V, =27L
7
T, T
v _V1T2_10><196_658L
2T, 298

C. Gay-Lussac Law A 5l -l () S8

= Worked on relationship between pressure and temperature
BJ\)AJ\ :\;JJJM\ U:u‘\ﬁw\

= Volume and number of mole (n) are constant
Y gall 2ae g anall G Sie

PTasT1
P, P
T, T,



EX: 8atm of(C0,) at 30 Cif pressure increased to5atm ,what is the

new temperature?
odg.l;h BJ‘J;S\ 3\+JJ GETVEN J
S (el allda 0 dsas 1

s ol gla 58 o Gulai 2
T, =30+ 273 =303 K

P, P
T, T,
T TP, _303><5_ 189.37 K
2 P1 - q — .
D.Combined Gas Law Gl Hdl Jalad) ¢ 48

= Worked on relationship between pressure and temperature and
volume BJ\)Q\ a;‘).ljw\} e;;l\u.udﬁ)ud\

= Constant for fixed amount of gas (n)
(Y gall 220 Al 2ie ) JB) e 4l Al Gl

Py PV,
T, T,




+* STP: standard temperature and pressure
BJ\);A\J oz iall 4\73.».»\7393\ ALl

s¢»Standard (T) = —273 k / P= latm

EX: What will be the final pressure of a sample of nitrogen gas with a
volume of950cm3at 745 torr and 25.0 Cif it is heated to 60.0 C and
given a final volume of 1150cm3.
Al Aual) Jaria Cra) o
CAlK 3 ) allds ;o Jsai ]

O e ki 2

T, =25+ 273 =298 K
T, =60+ 273 =333 K

P, =?7torr P; = 745 torr

V, =1150cm® V; = 950cm?

PV, _ PpVp
T, T,
P, V4T 745X950X333
p, === = 687 torr

TV, 298x1150

EX: If a sample of air occupies 500 mL at STP ,What is the volume
at 85 C and 560 torr ? aiall paal) aaall Csl*



G el Jaldll 68 e guki v/

vV, = 500mL V, =77ml
T, =273 K T, =85+ 273 =358K
P, = 760 torr P, = 560 torr
P,Vy PV,
I T

_ P,ViT, 760 torr x 500mL x 358K

_ _ — 889mlL
2=p T, 560 torr x 273K m

E. The Volume — Amount relationship :Avogadro Law
9ol (8 (Aasdl) @Y gall 230 2a aaall A8
= When measured at same (T) and (P) ,equal (V)of gas contain equal
number of mole
e sy YA (e gsluia pan | Jariall 53 ) adl da o el (B Gl Lerie
Y gall (e (g slutia 22

= Worked on relationship between volume and amount (n)
GY gall 23e g anall (A8

= Constant (P)and (T) 3 ) all da ja g Jaraal) G 2ie




Hygy + CLygy = 2HCL,
Mole 1 1 2
Molecules 1 1 2
Volume 1 1 2

| pg il QYA v
= Stander molar volume =l (sl anall
= Stander condition of temperature and pressure (STP)
= STP=1atm and 273K(0.0 C)
» Under these condition b kall 1aa i
= Imole gas occupies(V) =22.4 L
= 22.4L =stander molar volume

EX: Calculate the volume of ammonia formed by the reaction of 25

L of hydrogen with excess nitrogen ? Ny (4) + 3Hy(4) = 2N

(INHj s> cuual: 5 S 5 )56 ag

Aol e g dn o
3L H, - 2L NH,
25L H, > X
2LNH; X 25L H,
3LH,
9

=17 L NH,



EX: What is the mole of 16.2L of SF, at STP ?

S(SFg)Y 50 22c sl @
skl 8 o g ]
V,=224LV, =1621L
n, = 1 moleny =??mole

Vi W,
nq a n,
_Wn, 1621 X 1mole 0723 l
My T T g4 e o
F. Ideal Gas Law (HGall Jlad) ¢ 5318

= Hypothetical gas : that obeys ideal gas law relationship over
all ranges of (T, V, nand P)

e o A S G sl A8le aoay ) Sl a1 el AR )

Y gall 220 g anall g daziall 55 ) jall da jo CilEU)

TTand Pl
CAEJ\J;J\Z\;JAZ@)@ ‘;w JM\&LSE
e hiral)
PV = nRT
R = 0.0821 L.atm
mole .K

10



Sn=—— PV == x RT PV XM.M =m X RT
M.M M.M

=X (PVM.M = mRT) PM.M = DRT

(Density 44S ) D =%

EX: How many liters of N,(4) at 1.00 atm 25.0 C are produced by the
decomposition of NaN; m = 150.0g? (NaN; = 65.00 g/mole)

2NaN;(s) = 2Nagg) + 3N,y

) (Nppas al o
CAIS (3l pallda 0 deas 1
(NaN3)=Y 5o 222 uuad 2
(N;) &Y 50 20e Qluad uliig 4 |3
o5l e ki 4
T=25+273=298 K
m 150.0

M.M  65.0
2mole NaN; — 3moleN,

= 2.3mole

n(NaN;) =

2.30 mole NaN; —» X

_ 3mole N, x 2.30mole NaN;
B 2mole NaN;

= 3.45mole N,

n = 3.45mole N, P = 1latm T = 298K

11



R = 0.0821

_ nRT _ 3.45x0.0821 x 298
P 1

=844L

2. Dalton Law of partial pressures

ol lacall 4 6illy ) il
= For mixture of non-reacting in container
Gl A dlelia padl Gl el e e
= Partial pressure : pressure that partial gas would exert if it was
alone in container
st B Ban 5 S 1A (pyma e A ley (g 2) Tniaall s
* The total pressure is the sum of the partial pressure
Piota1 = P1 + P, + P5 .....
» P,,P, and P; = partial pressures (sl haall )

nqRT
1= v
n{RT Nn-RT NnaRT
P =24 2— 4= ..
total % % %
RT #e<Protar = Pgas + PHZO
Protar = - (ng + 13 +13..000)

12



EX: A mixture of (Ne) and (N,) ,(Ne) has 30 L at 2atm and (N,) has 10 L

at 3atm at the same temperature .what will be the total pressure when
we mix them in 3L container ?

u—’j—c (e O}S.AM ‘EASM Lxall Craal o
Jisr Ol (e oan el sl e aia S s

b guall gani 2
(Ne)
P,V
PV, = P,V; Py =~
30 X2
P, = 2 = 20atm (Ne)
(N2)
P,V
P1V1=P2V2 P2= ‘1/21
_10%3

PZ - 3 — 10atm (Nz)
PtOtCll — PNe + PNZ = 20+10 = 30atm

3. Mole fractions and mole percent

Al sall Fanill g el oY

a) Mole fraction el sl

® Ratio of number mole of given component in mixture to total
number moles in mixture

S S pall @Y g 23 Jlaal ) S el 8 Gaxe paie Y gall ae A

VX, = ! =1

n1+n2+n3 ....... Ntotal




n=Pr

vV
¥ = P1(%7)
1 — |74 \%4 %4
P () +P2 () +Ps () +
_ Py __ P — P _
\/Xl_P+P+P " Peotal Xl_p -
172753 tota total N¢otal

Py = X1Piotar

paic i cuad Jgall pulll e JU G 58 V0
S bl § jaiall dgall jusl) e paa

b) Mole percent (mole%) A gal) Al

Mole% = X;x 100

14



EX: The partial pressure of oxygen was observed to be 156torr in
air with total atmospheric pressure of 743torr.Calculate the mole

fraction of (0,) present
ST | P W TR )
ol laall (partial pressure) Sl v/
Ol o gudai o
Py, 156torr

= = = 0.210
2 Piotar  743torr

Xo

EX: A sample of natural gas contains 8.24 moles of CH, ,0.421
moles of C, Hg, and 0.116 moles of (3 Hg if the total pressure of
the gasses is 1.37atm , What is the partial pressure of propane
(C3Hg) ?
(C3Hg) ol Jarall Caal o
N PN IRCTS PSP KN | REWER Y |
S Jarall g Jgall pusll e (S ad) Jarall caias 2

Piotar = 1.37 ne,n, = 0.421mole  n(cy,) = 8.24mole

Ne,n, = 0.116 mole

ne,m, 0.116

CHs = o e + en + nen, | 8.24 + 0421 + 0.116

P(cyn) = Xeyy X Protar = 0.0132 X 1.37atm = 0.0181atm

15



4. Root mean square speed (U,,.s) de |

Molar Mass & temperature effect 3 all da o il g 4 sall ALK
= R=8314 b
= 3RT " Umms = eyl

Urms M.M x 1073

T:BJ\)Q\R.;JJ
M.M = 4 sall A1)

((ApuSe ) gl sl AL 5 Al (y 283N v/
(%JJL)BJ\)J\&AJJJ&)J‘&HM\ v

EX: For the series of gases He ,Ne ,Ar, H,and O, . What is thy order of
increasing rate of effusion ?

M.M(He =4/Ne =20/Ar =40 /H, = 2 /0, = 32 )g/mole

(el (i yi) JLEEY) Ao pu(Joza) i 3 sa Lo o
H, > He > Ne > 0, > Ar

EX: Calculate the root mean square speed of He molecules at 17 C?
(M.M=4 g/mole)
¢ de yull Cienl o
GAIS 1l s o s 1
G e G 2
T=17+273=290 K

16



_ 3RT B 3><8.314><290_2613
ms = IM.M x 1073 4 x 103 B '

5)Diffusion Ly

Diffusion :is the process by which one gas mixes with another as a
result of molecular movement.

Ay jall A8 jalldam Al e Slall lead Laling Al dolaall oo

EX: Perfume in room 48 gl & Hlaall

rn  ty Molar Mass,

r, t, .|Molar Mass,

= NH,CL collects closer to HCL

HCL <y ys N @8 sasy NH,CL
=  HCL molecule larger than NH;molecules

(NHj) Sl e S ( HCL) s

6)Effusion (8a.il)

Effusion :is the process in which a gas under pressure escapes from it is
container through a small hole

17



s ) PO @ i) (e bkl st jle b 2 A5 Sl ddleal) o

Gas vacuum

EX: Calculate the ratio of the effusion rates of hydrogen gas (H,) and
uranium hexafluoride (UFy) a gas used in the enrichment process to

produce fuel for nuclear reactors ?

M.M(H, =2/ UF, = 352.02 ) g/mole
LY de s (effusion rates) LSl v/

O e ki 1
effusionrateH,(ry,) MM (UFs) _ [352.02
ef fusion rate UFg (Typ,) Al MM(H,) 2

= 13.2

18



EX: If it takes me than 3.0 minutes to diffuse 10.0 m , How long

will it take sulfur dioxide to travel the same distance ?
M.M(CH, = 16 /S0, = 64.06) g/mole

Qq)ﬂ\%&\w\\ﬁéMuH&jﬂ\wém\ o

t; = 3minutes t, =77

ty  |M.M;

t, |M.M,
3 |16
t, . 64
3 3

t, = =—=60m

16 -3
64

19



Chapter 11

INTERMOLECULAR FORCES

iy jadl o o8
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Chapter 11: Intermolecular forces

4SS all o 8 Loyl il (5 8
Gas e (RS } 4Ll
Liquid Jilw Lol o T G e e
solid <la Jha T a4l

+* Types of forces between molecules
Gl adl g laal 5l g1 53

Strong intramolecular
attraction (covalent bond)

\

Weak intermolecular attraction

A. Interamolecular forces Gl Al Ayl )
= Hold atoms together in a molecule s (o e Ol Al Ly
= Tow type: 1) covalent bond Lpeaalud ddayl

2) ionic bond 4 sl ddayl

1




= Strong AL
EX: H — CL (covalentbond) / Na — CL (ionic bond)

B. Intermolecular forces Gl adl G ddal )

= Attraction forces between molecules Gl dadl G dall (5 68
= Weak =i

** For type of intermolecular forces
1) lon Dipole forces (I.D) adayl )l
46 Y

= Attraction between ion and charged end of polar molecules
Adadl) iy all (e 4 gaiie Al s sl O s
= Strongest intermolecular attraction <l jadl G dal g )l (5 68l

Positive ends of polar molecule are oriented toward negatively charged anion .
Tl Al ¢y al s Al iy Sl (e Al el 4 58 o

2



Negative ends of polar molecules are oriented toward positively charged cation

Al e 58 g el iy Sl Fpdl) LD s 5 o

Dl 3l e (g sind A ) Adagl il ) aa) v/

(Ag/Au/Cu/ CL/Cs/Ca/ Sr /Na/ Li /Mg /B/K/Fe)

¢ Hydrogen Bond(H.B) Aia 5 ugl) ddayl )l
* The hydrogen interactions experienced when(H)bonded to( N/O/F)
are unusually strong

(N/O/F) a= (H) Lasin Lexie la jLia oy Al dpis 5 janell Jag) 5 1) Bl S ¢ 55
gle e S 4y b



EX:

Covalent bond, Hydrogen bond,
intramolecular intermolecular
I 1—é|3: ----- H—O
H H
H—F:----- H— F
lll I'l
I i—lTI: ----- I l—lTl:
H H
T
I I—]T]: ----- I l—éli
H H
lll
I 1—(|') ----- I I—IT,:
H H

< Dipole - Dipole alad A5 dday) )l

= QOccur only between polar molecules
(Lo a5 Alls ) dal) iy Jall gy Jas Caaas

= The positive end of one is attracted to the negative end
Kl ) ) Al ) Al ia

% London forces (i 558

* |ntermolecular forces between nonpolar molecules
Akl el Gl 5l G s a8l



= Electron cloud distorts A g STV sl 4 03
= Repulsion causes electron clouds in each to distort and polarize

Ll 5 Lo S 3 A5 SV om0 503

“#Five state of London forces o3 s 8 (e OYs el

EX:Oz, CLz,Nz
2. (Axy) Hpa e palic

EX:CHz,COZ
EXCCL4
4, Alwill @l e
EX: (Ar) 052 [ (He) asla [ (Ne) uss [ (Xe) o) / (Kr) osuS
5. Lgpnc (C/H) o osind S

EX:C2H4 / CH

Gl all G s 58l s

Ion dipole — Hydrogen bond — dipole dipole — London forces

lon dipole >Hydrogen bond > dipole dipole >London forces



Tl 530 5 g pall RS (30 A3 y1a A8DMa)) s Na v/

S1 i ad) eyl ) (5 S) A pal) S L JS V7

A 58 ol sal) a0 58 (i Led iy 3 Ol 6 S 31 V7
Aasl 5 (5 58 liag o5 5n 5 Al 3a ALS ) | Al

s da &l glak
83 g2 gall Aoyl Jll g g5 egia JS2aa3 ]
JI Al 6 ) e A8 Sl 52
e Al ) ALK Coa (i3 Al )1 (pudi agd S 13% 3
S ey

EX: Determine the bond type in the following molecules
(CH;Br,H,,H,0 ,HF )
Al by sl A ddag) )l & 55 2as
CH;Br - dipole dipole
H, — London forces
H,0 — Hydrogen bond
HF - Hydrogen bond



EX: arrange according to intermolecular forces ?
(H,S,CH;0H ,CBry)
Ledasl 5y (568 cn LS Hall i
H,S — dipole dipole |/ CH3;0H — Hydrogen bond
CBr, — london forces

(CH;0H > H,S > CB1y)

EX: What the intermolecular forces ( HBr, Br,, CH,, PH3)

Piday) )l ¢ g8 2as
HBr - dipole dipole CH, — london forces
Br, — london forces PH; = dipole dipole
*Properties of liquids Jiladl pailias
1) Surface tension bl il

= |s the amount of energy required to stretch or increase the surface
of a liquid by a unit area
Bas g dalaia prlan 3L ) 5 waadl 4 jOU) A8l A o



= Surface tension increases as strength of intermolecular forces
increases

A all (g8l 3 8330 ) e adanll gl ala
EX: surface tension H,0 > suface tension C,H;OH
dga,h 28I
Sl G

5 eakad

Intermol T surface 1 Cy Adal )

iy 2l

» Cohesion Eluslail) (5 68

Cohesion : is the intermolecular attraction between like molecules

(oliie Dl Ja ) Al g il (e Sl jadl Gz clulaill (5 58

Cohesion — <lulaill

Cohesive forces = <lulal 5 48




> Adhesion Gl (5 48

Adhesion : is an attraction between unlike molecules

(Aabise iy ja) Sl dadl e gl 5 G 1 Gl (5 B

Adhesion

Adhesion = bl O

Adhesive forces » &=a2ll 5 &

2) Viscosity a5l

= |s a measure of a fluid resistance to flow .
Al il 4 glaal ula 5o
= Viscosity | when temperature T. 3l adl 4a )3 ala 3 Laxie Ja5 4a 31
= Viscosity increases as strength of intermolecular forces
(2ol 383k ) sy Sl (o il 5 8 805 qn A Sl ol 35

T viscosity T intermolecular



= As the temperature rises the fraction of molecules that have

enough energy to break free increases
Gl el G dagl 551 sl A8 A8 ala 358 ) adl da o gl ) ae

@Sﬂ\ﬁu\mjjﬂwﬂ\uy@\‘)j\d}d\dﬂc‘)\)ﬂ\%‘)d&hﬁ‘)\ oo

aaal BJ\)AM %Jé Cru A8
e A )

&)ﬂ\jb)\)ﬂ\‘\é)du,yﬁ)\.d‘
hue Al

Fraction of molecules

Kinetic Energy

T 1.TKE.l inter Kinetic Energy (K.E) &S all 28l

3) vapor pressure g)ﬁgl\ oz all

= Pressure of gas when liquid or solid is at equilibrium with it gas
phase increases
Sl s je o) e Ol S AR B cla o) Bile S Ladie Jd) dazca
* |ncreasing temperature increases vapor pressure because

conversion is endothermic
Bl all ale Ja il Y () Jarall (e 2 135 ) jall da ja 330 )

10



Liquid Jilw

v - At equilibrium o)) sl
g .

-

- ‘ Vacuum ¢l
Empty / I I
Spac: ‘
i IS 1 — Frozen liquid
Frozen liquid ‘ : Liquid
; Before evaporation
Before At Equilibrium
Evaporation Lol Jé
Empty spaces
il ) oy Ayl 1 88 Ji5 (il Jarazall ol 335 ) all Aa 350l xie i i ialos

T 1.(V.p) T.intermoleculare 1

«* How calculate the vapor pressures

o (Ym) (1L

P= vapor pressure ( g3 laall)/ T= (K) 6 allda 0/ R=(8.314)
AH,q, = molar heat of vaporization ( Jall 4 sall 3 ) all')

Or heat of vaporization

11



1000 = i K] — ] (e dasail
1K] — 1000/
CAIS 3 ) yall da a ; ddaadl (In) &3

. RN
s Al A gl 5,0 yall

EX: The vapor pressure of diethyl ether is 401 mmHg at 18 c and mole

heat vaporization is 26 KJ/ mole . calculate it vapor pressure at 32c¢ ?
32 3yl mda naie L.;JBJ\M\ s
uﬂs‘;\'&)\)ﬂ\ﬁjddﬁ 1

ds> MAH,qp) sl A3 sall 35) all J s 2
o pilae 58l o gukai 3

P, = 401mmHg T, = 18 + 273 = 291 K
P, =2?T, =32+273 =301K

AH,q, = 26K] X 1‘1)1‘3‘]” =26 x 103/
P, R T, T; e= shift+ Ln
1P1_26><103X(1 1)_ 0.401
"p, T 78314 301 291)
P
elnp—; — p—0.491
%12 —0612 |/ % =0.612 p, = 6.55 x 102mmHg

12



EX: Calculate the heat of vaporization in J/mole , for benzene using

the following vapor pressure data .

T, = 60.6 C P, = 400 torr
T, =80.1C P, =760 torr P - FENIERWEY
CAIS (3 allds pndsai ]
Ol e @i 2

T; = 60.6 + 273 = 333.6K
T, =80.1+ 273 =353.1K

l Py (AHvap)(l 1)
"2, "U R J\T,T T,

l 400_(AHvap>( 1 1 )
"760 — \8314/\3531 3336

—6.64 = AHygp X —1.099 X 1075

AH,q, = 333 X 1075/ mole

4) Boiling point ( b.p)  ¢lklall 4x )
* The boiling point of liquid is the temperature at which it vapor

pressure equals atmOSpheriC pressure
Lf}ﬂ\.ﬂ:uu.aj\ J\AJ\LML@.}SL;}LHHL;\MSJ\)Q\:XAJJ@ Sl u\:dc&ks.\

= (T) at which vapor pressure = latm = 760torr

13



= boiling point increases as strength of

1 H 34.6 °C 783 % 100 °C
intermolecular forces increases 500 : g
OL) [ e A e o e o e s i e - g
58l 38 3ab ) e Gllall Ax 3 Sla 3 E e
E 600 Diethyl I
aay el 2 sthe
_% ~ \ _f Sl Ethyl alcohol
e s (ethanol) Water
= 400
&
X..JJ‘)L ‘Gm.c >
200
. l"th)‘lvnv
b.p T intermol T glycol
0
0 20 40 60 80 100

Temperature (°C)

EX: Calculate water boiling point if the vapor pressure at 25 C is 34torr

and it AH,,qyis 38KJ/mole

(:\:u\:ﬂ\ SJ\JAJ\ :\;JJ) u\:ﬂaj\ :\;JJ s

latm sl (s laaiall (58 Gldall da o Jlgall (8 S lla W) s3]
CAIS sl yall Ay Jgai 2
o5l e ki 3

Py =34 torr Ty = 25+ 273 = 298K

T, =777 p, = 760 torr

AH,q, = 38 X 103

nf = (Mﬂ) (i _ i)
P, R T, Ty

14



34 38x103 [ 1 1
In— = ———
760 8314 \T, 298

—3.2 = 4570 (i _ i)

T, 298

1 _268x1073
T-

2

T, = 373K = 100°C

% Freezing point(F.P) 2aail] da

Freezing point increases as strength of intermolecular forces increases

iy ad) Al (5 58 50 ) o el Ay 233

F.P T intermoleculare 1

** The critical pressure (C.P) is the minimum pressure that must be

applied to bring about liquefaction at the critical temperature
da ) die aadl) Guiatl daladiil g (3 aaiall SaV) sl ga i jall dariall

A s 3l e

15



» Heat added at constant rate
Superheating

Solid-liquid
(melting)

Temperature

Solid

Liquid-vapor
(boiling)  Gas

Liquid

Temperature

Condensation

Liquid

Supercooling

dagw QLAMJ\/

Heat removed at constant rate

Expected
freezing
point

Solid

Heat a

dded

+» Phase change

Heat removed

3alall 0_1‘2};3

Phase Changes

Gas

Vaporization

Condensation

Liq

uid

Melting
or Fusion

Freezing

Sublimation

Deposition

Solid

1 Exothermic, releases heat
T Endothermic, absorbs heat

16



Solid («<)— gas (J\¢)  (Sublimation )( ~l)

Gas (J€)- solid (=) ( Deposition) (<« 5)

Solid («d<)-liquid (L) (melting)( Sksd) (Fusion)( lg-<)
Liquid (Jt<)—solid («4<s) (freezing)(<«>)

Liquid(Jits)— gas (J€) (vaporization )(_3<)

Gas (J€)- liquid (L) ( condensation)( <&iL<)

End of the first exam
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Question 1:

1mole of which of the following will contain the largest
number of atoms?

1. Rubidium (atomic mass =85.4 g/mole )

2. Argon (atomic mass =39.9 g/mole)

3. Silver (atomic mass =107.8 g/mole )

4. Magnesium (atomic mass =24.3g/mole )

5. 1mole of any element will contain the same number of
atoms

(5) <l

Question 2: which one of the following decreases as the
strong of the attractive intermolecular force increase?

1. The normal boiling pointe
2. The ideality of gas

3. The heat of vaporization

4. The vapor pressure of liquid

(4) <5l




Question 3:
How many C, H, molecules are contained in 45.8g
of C,H,? The molar mass of C,H, is 28.05 g/mole

(Avogadro number = 6.02 x 102%3)
1. 4.69 x 1023C,H, moleccules
2.9.83 x 10%3C,H, molecules
3.2.71 x 10%°C,H, molecules
4.3.69 x 1023C,H,molecules
5.7.74 x 10%C,H, molecules

(2) <l
m
n—=—
M.M
45.8
n=——=1.632mole
28.05
NO
n=—
NA

NO =nxX NA =1.632 x 6.02 x 1023

NO = 9.83 x 1023




Question 4:

What volume of C0O,gas STP could be produced by the reaction
of 25 g of CaC03(M.M=100.09g/mole) according to the
equation? CaCO03, = CaOs + CO,y

1.0.449L
2.22.4L
3.25.0L
4.34.8L
5.5.6L
(5)<= sl
T=273K P=1atm
R =0.0821
n=-—2 = 25 _ 0.249mole
M.M ~ 100.09
RT
VP = RTn p ==L
P
= 00821X273x0249 _ c ey &g

1




Question5 :

Which has the smallest dipole —dipole forces

1.CH;Br
2.H,
3.H,0
4.HF

(2) <l sl

H, (london forces)

Question 6:
As intermolecular forces increase between
molecules which of the following would be increased
1) Vapor pressure, viscosity , surface tension
2) Heat of vaporization, boiling point ,viscosity, surfaces
3) Vapor pressure only
4) Boiling point only

(2)=) sl




Question 7 :

States that at constant pressure and temperature, the
volume of a gas is directly proportional to the number of
moles of the gas present .

1. Charles law
2.Dalton law
3.Boyle law
4.Gay — lussac
5. Avogadro law

(5) <l sl

Question 8 :
How many atoms are in 0.0728g ofC0,?
(molar massC0O, = 44.0 g/mole )/ NA=6.022x 1023

1) 2.99 x 10%*1atoms
2) 4.38 x 10%%atoms
3)6.02 x 10%* atoms

(1) <l sl




n=-—2 29728 _165x%x1073 mole
M.M 44

NO(molecule) =n x NA

1.65 X 1073 X 6.022 X 1023 = 9,937 x 1029

NO(atoms) = 3atom X 9.937 = 2.98 x 102!

Question 9 :

A balloon contains 0.76 moleN,,0.18mole0,, 0.031mole
He and 0.026mole H, at 730mmHg .what is the partial
pressure of 0,7

1) 132 mmHg
2) 19 mmHg
3) 560 mmHg
4) 23 mmHg

(1) sl

no 0.18

X, = 2 =
2 ny, +ny, +ng, +nye  0.026 +0.031 + 0.18 + 0.76

=0.18 =X02

6




Partial prassure = Xo, X Py,

0.18 x 730 = 131.79mmHg

Question 10 :

A0.917g sample of an unknown pure gas occupies
volume of 0.335L at a pressure of 1.00atm and
temperature of 100°C .

1) Helium (molar mass = 4.0 g/mole)
2) Xenon (molar mass = 131.3 g/mole)
3) Krypton (molar mass = 83.8 g/mole)

(3) <5l
PV = 2 % RT
M.M

mRT _ 0.917X0.0821Xx373

M.M = = = 83.8
PV 1X0.335




Question 11 :

Znsy + 2HCLgq = Hzg + ZnCLzaq

How many liters of H, gas, collected over water at an
atmospheric pressure of 752mmHg and a temperature of
21.0°C can be made front 3.566g of Zn and excess HCL? The
partial pressure of water vapor is 18.65 mmHg at 21.0 °C

(molar mass of Zn = 65.4 g/ mole)

1.0.0975L
2.1331L
3.1.36L
(2)<) sl

__ 752mmHgXx1 atm

Py, = 760 mmig 0.989 atm

T=21+273=294K

Nzn = Ny,

m  3.566

Mo, = o = esa = 0.054 mole




- nRT  0.054 x 0.0821 x 294
p 0.989

= 1.33L

Question 12 :

The vapor pressure of benzene is 100 mmHg at 299 K calculate
it vapor pressure at 334K . AH,,, = 31.0 X 103g/mole

1) 54 mmHg
2) 230 mmHg
3) 369 mmHg
4) 76 mmHg

(3) <l

I, T

nfs = Mo (1 1)
P, R

P 31><103( 1 1 )
P, 8314

334 299

20 =027 P, = 369mmHg

)




Question 13 :

When a nonpolar liquid displays a convex meniscus in a
glass tube , which of the following explains this behavior?

1) It has a low surface tension ,and therefore adheres to the
glass

2) The liquid viscosity is low

3)The cohesive forces are strong than the adhesive forces
toward the glass

4)None of these
(3) <l sl

Questionl14 :

Calculate the molar mass of unknown gas , if oxygen gas 0,
effuses at a rate equal to three times that of the unknown gas

(molar mass of atom(O) is 16 g/mole)

1) 43 g/mole
2) 288 g/mole
3) 176 g/mole
4) 78 g/mole
(B) < sl

10




rx M.Mo,

M.My = M.M,_ X (%)2
= 32 X 9 = 288 g/mole

Question 15 :

The vapor pressure of a liquid in a closed container

depends upon

1) The surface area of the liquid
2)The temperature

3)The amount of liquid

4)The volume of the container

5)All of the above
(2) <l sl

11
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Chapter 12: physical properties of solution

Jillaall AL 5l ailiadl)

¢ A solution is a homogenous mixture of 2 or more substances
IS ) otinbe (e uilatia Jadar Jsladll
*+ The solute is (are) the substance(s) present in the smaller amount(s)
C Jslaall 8 AL 20aS; 53 g s ()5S 3l g ) Bale 1 22l
¢ The solvent is the substance present in the large amount

Jslaall 83 58 40Ky 33 53 5o ()5S B0l 1l

Solution (Jslaall)= solute («lxall)+solvent(suiall)

+ Concentration units DS AN Glas

The concentration of a solution is the amount of solute present in a
given quantity of solvent or solution.

Oolaall ) cudall (o dima A0aS 8 53 53 gall el Balel) laia g8 Jslaall 3 i



1) Percent by mass of solute Gl dal) ALY 4 ghal) dpnail)

% by mass of solute <)xll A& 4 gl il =

mass of solute <)l AL

s ——— X 100%
mass of solute @)X A + mass of solvent —wiall ALS
2) Mole fraction (x) sl sl
X, = moles of A _ mole of solvent

47 moles of A+molesof B " mole of solvent + mole of solute
3) Molarity (M) A gl

moles of solute (n) <l &Y gl 2 = _mole _ mole/L=M
M = _ () l

volume of solution (v)dsisall pas
4) Molality (m) Ay sall

__mole of solute (n)<Ixl &Y sall 2xe m= ) _ mole/L =m

- (m)k
mass of solvent (m)<uiall Al g



1 Kg = 1000g

1L = 1000 mL

EX: A sample of 0.892g of potassium chloride (KCL) is dissolved in
54.6g of water. What is the percent by mass of(KCL) in the solution?

Jstaall  lall g siall Fanail) Cacea

Ol e Gaks v
mass (KCL)
mass (kcl)+mass(H,0)

% KCL = X 100%

0892 N
= Ssozroae < 100% = 1.6% KCL

EX: calculate Molarity for solution prepared by dissolved 15g of
(NaOH) in enough water to option solution, it is volume 1500ml|

(M.M(NaOH) = 40 g/ mole)

LY sall sl

(L)) (ml) o Jssi (1

&Y sall Ay J g (2

oSl e 3:dai (3

1500ml
1000ml

Volume (solution)= X1L=1.5L

n(NaOH) = - = g — 0.375mole

M=2=27_025 mole/L
1 1.5

3



EX: calculate the molality for solution prepared by dissolve 5.6g of
(KOH) in 200g of (H,0 ) (M.M(KOH) = 56g/ mole )

AV sal) Conea

(Kg) &V (sLall) il ZES Jpai (1
oY sall 230 ) ALY Jgai (2

mass (H,0) = 1200000‘2 X 1Kg = 0.2Kg

5.6
n(KOH) = — = =

. __moleof solute _ 0.1 _
molality = (ka)of sovent — 02 = 0.5mole/kg = 0.5m (JY )

= .1mole

+Colligative properties of nonelectrolyte solutions
S A o adiad Al ddaldl) Lailadl)
= Colligative properties are properties that depend only on the

number of solute particles in solution and not on the nature of
the solute particles

sle Lol Usbaall 3 L0131 iy 5o dse e b 2k al & b oLl (yal 531
A0l by el danla
o Volatile solute: does have a measurable vapor pressure
oall QB (g g Jasm Al Qlda  jlhaiall Gl
o Nonvolatile solute: does not have a measurable vapor pressure
AL OB 5 s ok A (pad ole i el alial

4



1) Vapor pressure oA haaaal)

D1 = xlplo = Raoult law

p, = vapor pressure of solution Jslaall (5 lad) Jazizall
p.° = vapor pressure of pure solvent  <udall (g LAl ezl

x1 = mole fraction the solvent cudall gl sl

mole of solvent

X1 =

mole of solvent+mole of solute
X1 +x, =1

X, = mole fraction of the solute Gl Jgall sl

» What happen if we make dissolving liquid in liquid ?
Jil g il 413 die Caaay 13
Piotar = P4 + Pp
Peotar = XaPy° + XpPp°

P,otq = total pressure of solution Jsdsall ) Lzl

X4, Xg = mole fraction of solvent and solute
Al 5 cudall L“A}d\ Sl
P4, Pg = Vapor pressure of solvent and solute

c._\..g.d.d\_g A L'.EJB-.‘M LAl



EX: calculate the expected vapor pressure at 25 °C for a solution

prepared by dissolving 158g of sucrose (M.M = 342.3 g/mole) in
643.5ml of water at 25°C, the density of water is 0.9971 g/ml and
vapor pressure is 23.76torr ?

()s“n) RTAVN | IS PR K-S I |
axall g BN (o (slall) el ALS i 2
(slall) Al &Y g 22e Crualy 3
Godall (Jsall puSll s 4
Ol e Gakai 5
n=—"—=-""=04616 mole

_ mass
Density (HZO) " volume
0.9971 = == mass (H,0) = 641.34g
643.5
n(H,0) = — = L3 = 35.64 mole
M.M
¥ . mole of solvent
H20 ™ mole of solvent+mole of solute
=2 9872
35.6440.461

Psotution = Xi,0 X P°y o = 0.9872 x 23.76 = 23.45torr



EX: predict the vapor pressure of a solution prepared by mixing 35g

solid Na,S0,(M.M=142g/mole) with 175g water at 25 °C
(M.M=18g/mole) p°y,o =23.76torr

Jslaall () laziall sl
Cudall 5 Qldall e IS Y g0 22e ALY Jeas 1
SEYAPNI U PPN RS WENRUSWEN i)
O e g 3

n(H,0) = = 11—785 = 9.722mole

n(Naso,) = —— = % = 0.246mole

9.722
XHy0 = 9.722+0.246 0.9753

Psotution = Xi,0 X P°n,0 = 0.9753 X 23.76 = 23.17torr

EX: ata given temperature the vapor pressure of liquid A and liquid B
are 180torr and 83torr respectively. Calculate the total vapor pressure
if you know ( X of the liquid (A) = 0.62)?

JM L..QJB.}J\ Lrall Cual

(B)d (Asall sl a1
Ol e Giai 2
X, +Xg=1
0.62+Xg =1 Xz =0.38

Peotar = PaXy + PpXp
= (180%0.62)+(83x0.38) = 143.14torr

7



600

g
&

Pressure (mmH

800

400 -

Pt = Ppenzene + Proluene

200/ ¥

Pressure

0.0 0.2

e Ideal solution Al J sl
a) Cohesive = adhesive

ALl 5 8 = (3l 5 3
b) Volume of solution

/
/ Phcn/,cnc
/

/
/ = volume of solute +volume of solvent
i oo \Pu)lucnc
\\\\ gd.d\ e.aa+ g.\\d.d\ p = JM\ s
| | L >4
(;;4 06 08 10 c) Protar = Psotute T Psotvent
benzene

ulall L.;)\A..J\ Lrall+ )il LﬁJ&-}M Lrall = Jdaall L.,SJB-.‘S\ Lzl

a) Cohesive > adhesive
A—A&B—-B>A-B
a2l 3 g8 <elulaill 6 68

b) Vsolution > Vsolute + Vsolvent
L_UJAM S +L._1\..Ld\ s < JJM\ p
c) Piotar 1S greater than predicted by

Raoult law
Sl Jslaall (e 5S) 4l (gl Jaraall



Pressure

cohesive < adhesive
clulaill 3 8 < (Gaadlil) 5 8
Vsolution < Vsolute + Vsolvent

cuddl aas + Ol aaa >l aaa
Pgoiution 1S less than predicted by
Raoult law

‘_;Lm]\
0 02 04 06 08 I
Xy
2) Boiling point B EENGT
ATb — Tb - Tob
T, :the boiling point of the solution Jslaall (lile 4

T°,: the boiling point of the pure solvent &l cudall Glle ds )

T, > T°, AT, > 0

ATy = Kpm (Kp): molal boiling point depression constant
(32l BN i\.ﬂﬁ)

. . . __mole of solute a |
(m) : molality of the solution (m = Ka)of ———)  Jshdlad




EX : what is the boiling point of solution prepared by dissolving 24.4 g

of benzene acid (M.M = 122g/mole) in 500g of ethanol , if you know
boiling point of ethanol 78 °C , K, = 1.07°C. g/mole

Jlaall Llall A 50 sl

(kg) & cwdall AS s 1

lAall Y g0 220 Cowad D

Al gall s 3

Jslaall glle da ) e cudall e da ja = sl oSN e ulai 4

__ 5009 _
m(benzene)= T000g X 1kg = 0.5kg
n(benzene) = — = 22 — 0.2 mole

MM 122
334 mole of solute 0.2
m = = — = 0.4 mole/ kg

kg of solvent 05

AT, = Kym = 1.07 x 0.4 = 0.428°C

ATy = Tbsolution o Tbsolvent

0.428 — 78 = 78.428°C

=T, solution Tp solution

3) Freezing point 2aaill da
ATf - Tof - Tf
T°f: the freezing point of the pure solvent (&l cuiall aaaill 4 )

Ty : freezing point of the solution Jslaall daaill da )3

10



°% > Tp AT; > 0

mole of solute )

(m) the molality of the solution (m = (kg)of solvent

K; : the mole freezing point depression constant (33ke JSI )

EX: calculate freezing point for solution contain 12.38 of (C4H;,0¢)
dissolved in 250g of H,0 M.M(CcH,,0, = 180/H,0 = 18) g/mole

(Kr of H,0 = 1.86 C.kg/mole)
Jslaall daadil) da j sl

(kg) oV caiall AS Jsmi 1
c._x\.J.d\ Q‘}[}A e a2
Y gall s 3
ol e s 4
__ 250g _
m(H,0) = T000g % 1kg = 0.25kg
n=-"1"=28_0069 mole
M.M 180
m = mole of solute _ 0.069 — 0.276 mole/kg
kg of solvent 0.25

11



AT; = K;m = 1.86 x 0.276 = 0.51

ATf - Tfsolvent - Tfsolution
0.276 = T; -0 " = 0.276
solvent solvent
Tpy, o = 100°C
Ty, =0C
e el daadida
4) Osmotic pressure(m) S sanY) hrall

Osmosis is the selective passage of solvent molecules through a
porous member from a dilute solution to a more concentrated one

DS ) ) Cadd
y "
T = RTn v
vV
m = RMT T : osmotic pressure (atm) (s ses) il

M: molarity of the solution  Jsisall 4 )Y sa
T: temperature (k) QAN 3 ) yall
R: the gas constant (R = 0.0821)

12



EX: protein of 1x 1073 g has been dissolved in a water to make a
solution of 1mL volume . the osmotic pressure of this solution was
fond to be 1.12torr at 25 °C . calculate the molar mas of the
protein ?
03 gall ALY s
Qﬂs&\ﬁj\)ﬂ\:‘;\é)ddﬁ 1
(atm) &' (torr) ¢x () bzl Js=5 2
lAyﬂaﬁﬁ\éugﬁdhbyjAdx;Quud_4

T=25+273 =298 K

T = 716102% x1atm = 147 x 10~ 3atm
R = 0.0821
T = MRT
-3
M=ZL=22719" _ ¢£01x10 5mole/L

RT  298x0.0821
Mole of solute = Mx volume of solvent =6.01 X 107> x 1073
= 6.01 X 10 8mole

-3
M.M="=_220 = 1664 x10%g/ mole
n 6.01xX10

13



+ Electrolyte
Dy o a4l il Gaibaddl cliluall G gl Gllall ¢ &< Ladie
_QU}.}Y\

(i): vant hoff factor

Gl gy dae

1. Xsolvent

14
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Chapter 14: chemical equilibrium
@QA:\SM d\)ﬁY\
e

+* Most chemical reaction are reversible . only a few proceed in one
direction
L aa) g oladl elliag i) & Lo Qi) (uSall A1E 4aSl e il) alaae
(LS 5 5<5 Seladll jmmy JA+ B » C

(oSl J8 Jel@)A + B S C

% Physical equilibrium: equilibrium between two phases of the same
substance
e Jelii aa g Y 5 Lend 3ol VA e cpilla G iang 1 Al il ) 3Y)
HZO(L) l—_; HZO(g)

1) Chemical equilibrium : equilibrium is a state in which there are no

observable change as time goes by
gl 5 e po Bsale juxilead aa o WV Alls 58 o))l 1 Slassl) () )) 550

< Chemical equilibrium is achieved when : LSl ) i¥) &igand b g pui
a) The rates of the forward and reverse reaction are equal

Rateforward = Rateyeperse

dAl) Jelaill de ju= | oY) Jeladll de



2. The concentration of the reactants and products remain constant

with time
N,O, = NO
2 4g — Zg
N,O,
/ — \ S, !
é: % NO % N2Oy
S NO, 8 o
NO,
Time Time Time
Start with NO, start with N, O, start with NO, &N, 0,

+*» The law of mass action : for a reversible reaction at equilibrium and
constant temperature, a certain ratio of reactant and product
concentration has a constant value(K) (the equilibrium constant )
salall 381 5 (e Adpme A | a8 8l g da )3 )5l v ouSe e Ll ALK ) 58
) Cali(K) Al g ] il Ale it

Gl ety Y
PSR NIB
SJ\)AJ\ 3;)4



» For a reaction :
aA + bB = cC + dD

_[cI¢[p]¢
© [A]e[B]P
(K.) equilibrium constant K [Products]n ol
concentration C — of
[reactants]™ o O
53S0 ) 3 s Bas 5 4l
*If K. <1 [reactants] > [products]
[QN«:GM\] > [CJ jﬂ\]
= Equilibrium favors reactants OAeliiall Jiagy o) 35Y)
= Equilibrium will lie to the left Dbl oladly ) 35Y)
SIfK. > 1 [products] > [reactants]
| sil] > [wdletaia |
= Equilibrium favors products ) Al Jaady o) 1Y)
= Equilibrium will lie to the right Cradl olaily o) 3Y)

EX: Write the equilibrium constant for the reaction

a) 2PCLy ,, + 0y, = 2POCL3

[POCL3]?
¢ [PCL3]2[0,]1




b) N04 ) = 2N0,

_ [NO,]?
€ [Ny04]1

> For a reaction :
aA + bB = cC + dD
_ (Po)E(Pp)e

K. =
P (Pya (PRI
(Kp) equilibrium constant ( )
pressure KP products
Lo gl o) 5 el (Preactant)

EX: write the equilibrium pressure for the reaction
a) ZSOZ(Q) + 02(9) = 2503(g)

(Pso,)”

K, = 2 1
(PSOZ) (Poz)

p

b) CO(g) + 02( ) = CH4(g) + HZO(g)

(PCH4) (PHZO)
(PCO)l(PHz)

P



“+ Homogenous equilibrium : reaction in which all reacting species

are in the same phase
A yall i b Alelind) g1 5V maen 408 (5585 A Jelal 1 Gudlado ¢ jlg7
()

G 4 Slall Alla) 8 asd
Lsaall g S il o) 1Y) el

N204(g) = ZNOZ(g)

_ (Pnoy)"

(PN204.)1

KC - KP

EX: 2NO(gy + Oz S 2NO;

Ate equilibrium , it was found that [NO]= 0.0542 M ,[0,]=0.127 M,
[NO,]=15.5 M .what is the equilibrium constant concentration ?

¢ Sl ) Y Gl Cuwal

o yilae () 5ilall c_sJ‘: LBé-‘-’“—‘ v
[NO,]?

Ke = o 1imor

[15.5]? 240.25
[0.127]1[0.0542]2  0.127 X1.61x10%4

=12.2 x 10°



EX: CH4(9) + ZHZS(Q) = CSZ(g) T 4H2(9)

Determine the value of (Kp) for this reaction at 1000 K if the following

equilibrium pressure .were measured :

Pcy, = 0.20 atm Py,s = 0.25 atm

Pcs, = 0.52 atm Py, = 0.10 atm
¢ b gl o 3Vl sl
O oyl Gkt v/

_ (Pcs,)(Pr,)" _ (0.52)x(0.10)*
(PHZS)Z(PCH4) (0.25)?x(0.20)

Kp

-4
_ (052)x(1x107") _ 416 % 10-3
(0.0625)%(0.20)

¢ Relationship between Kp and K for a reaction at a given

temperature is :
(Kc) 5 (Kp) om 483
oSl 3l (Kg) O (Kp) ol i v/
R=0.0821
Kp = Kc(RT)M™
T = temperate(K) &S 5, all as )3

An = mole gas phase product — mole gas phase reactant

OOle Latall (o8l lad) Y gall dae — il i) (8l all DY e 20



% In most cases K- #+ Kp
L gozall o) 31l g sl Y Sl o) 31l ale )

& »Kc=Kp WhenAn =20
e g (An) v (Ke) 554 (Kp)

EX: for the following reaction at 25 °C, K. = 3.0 X 10°.what is Kp?
ZHZS(g) + 302(g) = ZHZO(Q) + ZSOZ(Q)

¢ (Kp) !

CAIS e allda ) Jsai 1
(An) i 2
(Kp)(K) o 483l (58 e 5l 3

T=25+273=298 K An=02+2)—-(2+3)=-1

Kp = Kc(RT)A"
Kp = 3.0 x 10° x (298 x 0.0821)"! = 1.2 x 10%

% Heterogeneous equilibrium : reactants and products are

present in more than one phase.

(la/ils /32) Alla o S) 852 5 e Al 5 AleLiiall o) all



v’ Concentration of pure liquids and pure solids are constant
and do not change
R Y A5 Al Adeall ol pall 5 0 Qi) S0 3
v' Solids and liquids are not included in the equilibrium

expression
OV AY) 88 8 A guae Canad ABLA 5 Alall o gl

S s Glaa 8 Jax Y AL dbal) 3 sall o
(aq) Al il oY1 5 (g) Wl S5 o) s 8 Jay e

EX: write the equilibrium constant concentration for the reaction .
¢3S il o 3 s o)
A0NAN b ) g Sladl o el 8 JAny dadd 4 pEl) pilae (gadat v
‘— + -
1. HNOZ(g)-I_HZO(l) —,H30(aq) +N02(aq)

[H30*][NO, 7]
[HNOZ]

KC =
2. Ca(103)2(s) = Ca(aCI)z-I_ + 2103(aq)_

Kc = [Ca®"][1057]?



EX: write the equilibrium constant pressure (Kp)for the
reaction?

_ 1
(Poz)s

2) WA(aq) + kB(g) = nC(g) + mD(l)

Kp

_ (Po)"
(Pp)k

Kp
3)4Cul(s) + CHy ) S COy ) + 4CuS(s) + 2H,0 ()

_ (Pco,) ' (PH,0)?
(Pcuo)*(Pcu,)?t

Kp

(US0) 1 diw¥l 8 kil dage Claglaa v
OV Y sl (5 sl ) o) 3 Gl () Aalaall 8 Sy Ledie
2281
b (5 sl 3aad) Gl 3V il 8 &8 ) (b Aaladll il Leie 2
oY & s e aadll o) 3V



EX: Ny gy + 3Hy ) S 2NHs )

Take the equilibrium concentration at 130 °C to be
[NH3;] = 6.2 X 1072M [H,] = 6.2 % 1073M
[N,] = 1.70 x 1072M

a) Calculate K, at 130°C.
K. — [NH3]? (6.2x1072)2
C1 7 [H,]3[No]1 T (1.70x10~2)1x(6.2x1073)3

=95x 10°

b) Calculate K,at 130°C for the reaction
2NH gy = N gy + 3H2 (g
O )l 2l s 13) Aalaal) B8 &5 JaaSl v
1 1

— — — -6
Ke, = 5= s = 11 X 10

c) Calculate K, at 130°C for the reaction
1 3 1
N2 Tty = N s,

() o 3 o8 s 5 19(3) Bbea) Al o pum 5 ol v
1 1
— i 5V7 —
ch = (KC1)4 = (95 x 10 )4' = 31
d) CalculateK, at 130 °C for the reaction
ZNZ(g) + 6H2(g) = 4NH3(g)

(2)d O V)l il ad 5313 (2) bal) Aalaall i o3 BB v
K, = (K¢,) ? = (9.5 x 10°)* = 9.025 x 10!

10



< Multiple equilibrium : aaxiall ) 33V

A+BsC+D K,
¢+;51——,E+F K,

A+B<sE+F
KC:KC1XKC2

EX: consider the following reaction :
. _ ~12
COCLZ(g) —,COZ(Q)+CL2(Q) Kp, =8.8X%10

C(s) + COZ(g) = ZCO(g) sz =2.4%x1078

Calculate (Kp) for the following reaction

Cis) + €Oz + 2CLy S 2C0CLy

3aaall Adaleall L}a...aj\ O ) Gl a6

Lol 5 (2) ! 91 Al s pimi 1
duaal) dabeall aaldl ol 53 Cli alag) adlss 5 (2) o) 3V <l 28 5 2

1 1

= = 1.2 X 1022

Kp, = (Kp)? ~ (8.8x10712)2

11



v 200y + ZCLZ(g) = ZCOCLZ(g) Kp, =12 X 1022
Cig) T COZ(g) = 2C0y) Kp, = 2.4 X 1078

Cis) + COZ(g) = ZCO(g)
Kp = Kp, X Kp, = 1.2 X 10%2 x 2.4 x 1078

< Reaction Quotient (Q ) : s Jaalall

= The reaction is calculate by substituting the initial concentrations

of the reactants and products into the equilibrium constant (K,)

expression .
) s 5 COle el 4 oW1 A gall aladinly S eV Jaaladl 8 o) 359 s Jlail
. c._ﬂ.uaj\ Qe
23Y(Q ) pasinn
Jeladl) olas)

% Three states the reaction Quotient &Y dalall &Y E36
" K: > Qc :system is moving from left to right to reach equilibrium

(s I e ldial () G Y ) Sl cpal) Sl (e & jay

" K: = Q: system is at equilibrium
SV a3 LUl
" K; < Q,: System is moving from right to left to reach equilibrium
((Olelaall g il (ge) O 3 A Jsa sl sleadl AV el (e & jaiy 2Uail)

12



Direction Direction
of reaction of reaction

> -

Equilibrium

EX: consider the following reaction :

2NO(g) + Oz S 2NO; () Kp =69 X 10°

A 5.oL vessel contains 0.060 mole NO ,1.00 mole O, ,and 80 mole NO,.

Is this system at equilibrium ?

¢ O Jelill da
4¥ sall Gk e sl SOl WAl (e IS 38 55 a1
OV Y g 0l (s 05 e sl O3 Jeldil) 48 el (Q )Aad 225 2

n(mole)

v(L)

Molarity =

[NO] = % = 0.012M

_ 10 _ _ 80 _
[0,] == =02M [NO,] = = = 16M

_ _Ino, 2 (e)?
Uc = Worio,l ~ ©o12202)

= 8.8 x 10°

13



Ke < Q¢ Dbl ) ) e Jelal

EX: At start of a reaction, there are 0.249 mole N, 3.21 X 10™?mole

H, ,6.42 X 10~* mole NH; in a 3.50 L reaction at 375 °C . If the
equilibrium constant 1.2 for the reaction Nz(g) + 3H2(g) = ZNHg(g) :

calculate the reaction Quotient . is this system at equilibrium
Q\)'S\ Al Lﬁ Jelatll Ja . )'..\S\)m Lf}fﬂ\ Jalall RN
) il g DI lsiall (e JS 35S i a1
O e o ilie F Y Jealall a2

Molarity = %

0.249
[N;] = === = 0.071M

_3.21x1072

25.41X19 ~ _ -3
[H,] = 2= 9.17 x 10-3M
-4
NH, =229 —183%x 104 M
3.50

[NH3]?2 (1.83x107%)?2

Q= [N,]1[H,]3  (0.071)1x(9.17x1073)3 =0.611

Kc > Q¢

Ol (A bl (e & ady Jelaill () e e

14



Process for solving equilibrium problems: using an
equilibrium (ICE) table

o5 Jsaa aladiuly s Ul CSdia Ja Lulac

Jsa ahadinly o) 55V ie o) 5ill 5 e ldiall Al 580 il il 43y 5k o
O s
z) il g D e laiall Aol 580 1) sass
(Al 3 Y gall (ga) 3:S) 5l 33l 30 5 lalil] jlate 2aa3 2
il 5 333 30 laie s Alad) 380 51 & pama Jusla 3
Al Sl clad ol e gulas 4

EX: S04, + N0y S SO3,, + NO) K. =3.75

0.751 mole SO, and 0.750 mole NO, are combined in a 2.50 L flask,
and the reaction is allowed to reach equilibrium . determine the
concentration of each species present equilibrium .

0 51l e iiall Akl 5,80 1 Cnsn
sl (0 o) 38 1 s 1
(ICT) phasinl 2
(451 ) 350 iy 05 e 35 3
(-’+)'5JL:I:Y\ as ad’

40l Balall g La 38 55 (e ¢ ja 285 AS) dlima Balal (Sl 38 5 aay Wl
(oha'éﬂ\} 3L Hlage Y sall 2ae c_u;) 25881 ¢ jall s

15



0751

[SO,] =~ = 0.3004 M ~ 0.300M
0.750
[NO,] =—-= 0300 M
SO, | NO, | NO | SO,
Initial 0.3M | 0.3M 0 0
Al
A
3L 50 lase
| =X | XX [+X
e 5
Equal
g dela
&3S0 | 0.3-x 1 0.3-x O+x | O+x
33Ul sk
Ouattl)
k.= Wollsos] _ _ 0&®  _ _(®°
C 7 [s0,1[NO,] T (0.3-X)(0.3—-X)  (0.3—X)2
== X2 X
3.75 = (0.3-X)2 193 =553
X=193x03-193% = 1'923:30'3

[NO] = [SO5] = 0.197 M
[SO,] = [NO,] = 0.3 —0.197 = 0.103 M

16
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EX: I, (0.05 M) and Br, (0.05 M) allowed to reach equilibrium . at

equilibrium the flask contains 0.084 mole of IBr

12(9) + Brz(g) 1—_; ZIBT(g)

¢ Sl o) 3 Cul sl

(ICT) plaaiu) (1
O Y die il dd s yae LY (IBr) S5 (e (X) dadd ran 2
Ol e Gulai 3
I, Br, 2IBr
Initial 0.05 0.05 0
A -X -X +2X
equal 0.05-x 0.05-x 0+2x

[IBr] = 0 + 2x = 0.084

= 205%% _ 0.042

[Br,] = [I,] = 0.05 — X = 0.05 — 0.42 = 8 x 1073

[IBr]> (0.084)?2
[Bry][I,] ~ (8%1073)(8x1073)

K, = = 110.25

17



Chapter 15

ACIDS AND BASES

Ao ) g8l) g a gaall

A 2 Ll g L 8 4 ol 13 8 o das g

Chdiitee.

Gaiaoll Guwsiall paud) duoualS Ul aiaul




Chapter 15 : Acids and Bases =) sl 5 (i 0l

£ Arrhenius theory (s )l 4 ks

% Acids: produce H* in aqueous solution
Sl Joladdl A(H ) il gyl g 2 alen)

= Htreact with water molecules to produce complex ion , hydronium
ion ,H;0%

asiouell Ol | dire (sl Y elall pe Gaa uedl O sl dasi
H,0
HCL(aq) —> (H30)+ + CL™

(HCL): o5t )l laes

X/

** Bases : produce OH™ ions in aqueous solution
slall Jslae 8 (OH ™) <l gty 1 ac) il

H,O
NaOH =5 Na* +0H~ (NaOH): ssiw ) sacld

EX: 1) HNOs + Hy0 5 HyOF + NO3~ (HNOg: Losid)) siaea)
HZO -
2) KaOH — K* + OH~  (KaOH: (usiw )l s2cld)

H,0
3) Ba(OH), — Ba*? +20H~  (Ba(OH),: s siw ) sxd)



# Bronsted- Lowry theory G Xiad gy Ay ks

¢ Aced: a substance(molecules ,ion) capable of giving a proton to
another substance

A B (G gi g g mia e 3 a8 ol
(The acid is anH™ donor) e paea

¢ Bases: a substance (molecules ,ion) capable of receiving a proton
from another substance

A Bale e O 5 s e Jhdiul Je 5 50l sala
(The base is anH tacceptor) aligting o2c |8 -
idaa D
O 9 )
(HT)s

% Conjugate base: is formed by removing (H*)from an acid
saaall (e (g9 (A )))ia 1488 e Bac B
% Conjugate acid: is formed by adding (H*) to base
sac il I (5 g (ddlaal) Ui 238 e aen

Acid(u=<x) — conjugate base( 48| y s2cld)
18 Conjugate base = acid formula —H™

Base(s:=l) — conjugate acid( 33« paes
(2+=8) U6 ( ) Conjugate acid = base formula +H™



Acidl basel conjugate conjugate

Acid?2 base2
Acidl basel conjugate conjugate

Acid2 base2

EX: 1) Write the conjugate acid for each of the following bases ?

a) NHy — NH, *
b) SO; 2 — HSO; ~1
c) Br~! - HBr

2) write the conjugate base for each of the following acids

a) NHy > NH, ~1
b)H,P0, ! > HPO, ~2
¢) HF - F~1

d) HCOOH —» HCOO™1



+ Lewis theory : o sl A ks

= Lewis acid : substance that accepts an electron pair

= Lewis base : substance that donates an electron pair
Gl g SISV ez ) el Bala [ gl Bac @
AL*3 + 6CH,0 —» AL(H,0),*°

Acid base

Amphoteric : substance that can act as acid or a base

3c8 g aanS (o palli Bale & 1 (323 _iall) 4 s8aY) Balal)

(H,0,NH3. Hy,PO, ~) % sae¥) o sall e 3>
(HS™) el (8 Al dani g ol & (H) 4l S e (61 ) 3>

» The equilibrium constant for water ionization is called (Ky,)

Ky = [H30 ] x [OH™]

R, =1x 104 at25°C



1) Neutral (u\=x)

[OH"] = [H;0 '] =1x10""M
PH =7 = POH

2) Basic (=)

[H,0 *] < [OH™] [H,0 ¥] < 1x 10°"M
PH >7

3) Acid (Uaes)

[H;0+] > [0H"]  [H;0*]>1x10""M
PH <7

NS

0PH = —log[H;0 *]
[H,0 +] = 10~PH
POH = —log[OH™]
[OH"] = 10~POH

PH + POH = 14



# The acids and bases strong 4 8l 2 g8l 5 i sesll

1) Acids strong s 5l el

= A substance that ionizes completely in water to form (H;0 *) ions

(H30 +) osSi el i JalSIly ol 30l

Strong acids : (HCL, HBr,HI, HNO3, H,50,, HCLO,) % &) alaY) i

Eg :HN03 +H20—)H30++N03_

2) Bases strong 4 g8l) sac sl

= A substance that ionizes completely in water to from (OH™) ion

(OH™) oS oWl 8 Jalsll Ol ol

Strong bases
(NaOH,KOH,RBOH,CsOH,Ba(OH),,Ca(OH),,Sr(0H),)

H,0
E.g: NaOH — Na*™ + OH™

Ba(OH), + H,0 - Ba*? + 20H~

EX: calculate PH for solution , if you know [OH™] =1 x 10~
6



Jdaall (PH) sl

([H307]) 4ad cni 1
(PH) 4af Cavni 2

Ky = [H30 *][OH7]

K 1x10~14 _
[H;0 t] = [OFVIV_] = 1110_4 =1x10"10M

PH = —log(1x1071% =10

EX: Calculate the concentration of [H;0 *], if the PH of solution is 2.35
([H30 T]) 85 s
Ol o Gukas =
[H;0 t] = 107PH
[H;07] = 1072%3%> = 446 x 1073M

EX: calculate [OH ], [H30%] in KOH solution if you know (LiOH)= 0.1M
([0H1) ([H0*]) 0n 5 o

([OHT]) 385 s s W 38 53 1)) &y 8 328 (KOH) .1
([H30]) 3:S8 s ¢ 536l o 2

KOH — K* + OH™



[KOH] = [0H™] = 0.1M
Ky = [H;07][0H"]

—-14
[H30+] _ Kw __ 1Xx10

= ToH-1 =1x10"1M
[OH™] 0.1

EX: calculate POH ,[H;0%] in HCL solution, it is concentration solution
2X107%2M ?

([H307]) 5855 (POH) s

([H30]) 2855 sl 0 38 55 13 (5 88 paaes (HCL) .1
POH daf Cavai 2

HCL-=CL™ +H,0*
[HCL] = [H;0%] = 2 X 1072M

Ky = [H307][0H"]

—14

T loHT]  2x102 0.5 x 107HM

POH = —log[OH™]

POH = —1log(0.5 x 10712) = 12.30



+ Weak acid and bases Al 2o ) gall g (s gaal)
1) Weak acid Camiall aaall

= The acid is partially ionized in water
slall (A e IS8 oy Gaeal)

HA+ H,0 > H;0% + A~

[H307][A7]

THA] K, acid ionization constant caesll Gl cald

K, =

QS Llle (K,;) dad cuils LS
OS5 Adlle ([H307]) 2as
alea D Luuailly (5 8 aeal
S AY) Azl

EX: Calculate the PH of 0.10M (HC5H50,) weak acid solution (K, =
1.8 x 1079)

51l dad sl (ICT) plasiad |1
o il (PH) camen .2
HC H,0, S Ha0% + CoH,0, =

HC;H;0, H;0% Co,H;0,
Initial 0.10 0.00 0.00
Change A -X +X +X
equilibrium 0.10-x 0.00+x 0.00+x




[H30%][C;H30; 7]

Ka = [HC3H30,]
(0.10 — X) (JS) pes
e x? X = 0.10
1.8 x107° = (010-%)

(0.10) s 5t (X) O 0 rblaa i s

X?=1.8x10"°x0.10

X=+vV18x10"¢=1.3x 1073

EX: What is the hydronium ion concentration of a 0.32M (HCOOH),
solution with (K, = 1.6 X 107%)

([H307]) 5558 sl

DaS) Al A Al (ICT) pladiad (1
HCOOH + H,, 5 HCOO™ + H;0%

HCOOH HCOO~ H;0%

Initial 0.32 0.00 0.00
Change A -X +X +X

0.32-x 0.0+x 0.0+x
K. = [HCOO™][H30™]

.=
[HCOOH] (0.32-X) X=0.32

2

1.6 x 107% = —=
(0.32-X)

X2=1.6x10"%x%0.32 X =+5.1x10-5

X =7.15x% 1073 = [H;0*] = [HCOO™]
10



2) Weak bases A4m.n 32c |8

= The base is partially ionized in water
elall 8 25 IS i sacld

B = BH* + OH™

[BHT][OH ]
K. =
b [B]

K},: base ionization constant (3a=lall cul culs)

il Llle (K,) Ao culS LS
saclall oy Sy dille ([OHT]) 4elt
Al 2ol gall Al 4 8

s AY

EX: calculate the PH and POH 0.3 M basic solution of (NH3)?

(K, = 1.2 x 1075)

(POH) (PH) daff ol

51 sy (ICT) plasiad 1
(POH) (PH) «ui .2
NHs; + H,0 = NH, * + OH™

NH; NH, * OH™
Initial 0.3 0.0 0.0
Change A -X +X +X
Equilibrium 0.3-x 0.0+x 0.0+x

11




_ [NH, *][0H™]
Ky = [NH;]

XZ

-5 —
12%x107% = =

X?=12x10"°>x0.3

X =v6.0x10"6=245x 1073

X =[0H"] =2.45x1073

POH = —log[OH™] = —log(2.45 x 1073)
POH = 2.61M

PH + POH = 14 PH = 14 — POH
PH = 14— 2.61 = 11.39

EX: The POH of 0.2M acid solution at(NHs) is 3.21 what is K}, ?

(POH) i ([H307]) dadf o 1
(ICT) plasiul 2
OSE e (Kp) st 3
NH; + H,0 = NH, * + OH™

[OH™] = 107P0H = 107321 = 6.16 x 10~*

12



NH; NH, * OH~
Initial 0.2 0.0 0.0
Change A -X +X +X
Equilibrium 0.2-x 0.0+x 0.0+x

[OH ] = 0.0+ X

6.16 x 10™% = X

X =[0H"] = [NH, *] = 6.16 x 107*M

[NH;] =02 —-X =0.2-6.16 X 107* = 0.199

[NH, *][OH™] (6.16x107%)? _
Ky = ?NHg] = omee - 191x10 °

+ Acid — Base properties of salts

sl e (S el
(32clall (10) 2 50 (0l

(el () s o 5

s Four kinds of salts ZAY e gl ) 2

13



1. Salt of a strong acid — strong base reaction
(neutral solution (xlsx) Jalaia J slag)

Aydaeliy o 8 pmes o mle
PH=7
E.g: (NaCL,NaNO5,KBr)
(KBr)
K™: (KOH) 45l saclall (e o 5a (50

Br~: (HBr) csill aall Ga il (5

2. Salt of a weak acid — strong base reaction
(base salt acld k)
B3l 5 Cma (e (e xle
PH > 7
E.g:(NaNO3,NaF,NaC,H;0,)

(NaF )
Na™: (NaOH) 435832l (e o 5e 50

F7: (HF) “amia gass (e Alla gl

14



3. Salt of a strong acid — weak base reaction
(Acid salt (e 7l
A 32l 5 (5 8 (e (e e
PH <7

E.g: NH,CL,NH,NO,, CsHsNHCL)
NH,CL
NH, *: (NH;) 44mia socld (10 a0 () 51

CL™: (HCL) ¢ baes (o Al

4. Salt of weak acid — weak base reaction
A sacl ) Caymin (e (10 e
E.g: (NH,C,H;0,,NH,CN,NH,NO,)
(NH,NO,)
NH, *:(NHj) 4miasaeld (o n e G5l
NO, ":(HNO,) “smia saes e s gl

olf K, = K, the salt neutral

. SIS 13 elall 38 yaal
olf K, > K, the salt acid ) s g Al
olf K, < K, the salt basic gacld

15



Jslaall 4 38l oy

e Sbluall 5 aldl)
sac ]l [Camiall (paaall
PR

EX: Calculate the PH of 0.050 M NH,CL (K, = 5.6 x 10719)
(PH) daid s

(28 o) Clmia (aea fhacldll [ Camia (aeadl Ja 20a3 1
Syl Al (ICT) plasiul 2

(PH) a3 3
NH,CL - NH,* + CL~
NH,* + H,0 = NH; + H;0%
NH, * NH; H;0*
Initial 0.050 0.0 0.0
Change A -X +X +X
Equilibrium 0.050-x 0.0+x 0.0+x

__ [NH3][H30"]
Ka = [NH, *]
2
5.6 x10°10 = %
(0.05—X)

X?=5.6x10719x%x0.050

X =+28x10"11=53x107°
16



X = [H30+] = [NH3] = 5.3 X 10_6
PH = —log[H;07]
PH = —log(5.3 X 1079)

PH = 5.28

End of the second exam

17
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Questionl :

Which one of the following statements does not describe the
equilibrium state?

1. The concentration of the reactants and products a constant level
2. The concentration of the reactants is equal to the concentration of
the products

3. The rate of the forward reaction is equal to the rate of the reverse
reaction

4. Equilibrium is dynamic and there is no net conversion to reactants
and products

(2) < sl

Question?2 :

What is the conjugate base of the Bronsted — lowry
acid(HPO,)™??

1. (H,PO,)™1
2. (P03
3. (HPO,)™?
4. H;PO,

(2) sl




Question3 :
What is pH of a 0.200M N H; solution that has K, = 1.8 x 107°

The equation for the dissociation of NH; is

1.2.02
2.11.98
3.2.72
4.11.28
(4) < sl
g oml da 48y )k

[0H] = Kp|AB]

[OH] =vV1.8x 1075 % 0.2 = 1.84 x 1073
POH = —log[OH] = —log(1.8 X 10™°)
= 11.278

Question 4 :

Which of the following aqueous has the lowest osmotic
pressure at 25°C ?




1.0.2 M (KBr)

2.0.2 M ethanol (CH;CH,0H)
3.0.2M(Na,S0,)

4.0.2 M (KCL)

(2)<) sl

Question 5 :

Chloroform has a boiling point of 61.1 °C and dichloromethane has a
boiling point of 40.0°C when 0.300mole of dichloromethane is added to
0.700 mole of chloroform, the resulting solution will have a boiling
point

1. Less than 40.0°C
2. Between 40.0°C and 61.1°C ,but closer to 40.0°C
3. Between 40.0°C and 61.1°C, but closer to 61.1 °C
4. Greater than 61.1°C
(4)<=) sl

Question 6 :

A solution of 62.4g of insulin in enough water to make 1.00L of solution
has an osmotic pressure of 0.305atm at 25°C . based on these data,
what is the molar mass of insulin (in g/mole)




1. 5000
2. 71900
3. 7570
4. 621

(1)=lsad

M= 62.4

Volume of solution =1L
T = 0.305atm

T = 25+273=298

T = MRT 0.305 = Mx0.0821x298
M = 0.0124
M = % h = MxV = 1x0.0124 = 0.0124M
62.4
MM=2Z = = 5000
n 0.0124
Question 7 :

Which of the following liquids will have the lowest freezing
point?




1. Pure H,0

2. Agueous glucose (0.60m)
3. Agueous KF(0.50m)

4. Aqueous Fel; (0.24m)

(3)< sl

Question 8 :

What is the freezing point of a solution that contain 10.0g glucose
(C¢H 204 = 180.0 g/mole ) dissolved an 100.0g of H,0 (18.0g/mole) ?
Ky for water is 1.86°C/m

—0.186 °C
+0.186°C
—1.03°C
1.03°C

HwhnN e

(3) <l

Question 9:
What is the conjugate base of the Brunsted- Lowry acid HPO, ~2 ?

1. H,PO, ~
2. PO, 73
3. HPO, ~?2




Question 10:

(2) <)l

At a certain temperature the equilibrium constant ,K . , equals 0.11 for
the reaction : what is the equilibrium concentration of ICL if 0.25mole
of 12 and 0.25mole of CL, are initially mixed in a 2.0 L flask

1. 0.093 M
2. 0.15M
3. 0.075M
4. 0.19 M

Question 11 :

FeOs ) + 3Hy gy S 2Fe(s) + 3H,0()

(4) sl

Which is the correct equilibrium constant expression for the following

reaction ?
L Ke = i
3
2 k= U
3.Ke = -

(2) <l sl




Question 12 :

Calculate the POH of a 0.0727 M agueous sodium cyanide
NacCN solution at 25.0 °C .K}, for CN is 4.9 x 10710

1.5.22
2.9.33
3.8.78
4.10.00

(1)< s

Question 13 :

0.12

concentration (M)
o o
o =} o
()] oo —

Time (min)

Shown below is a concentration VS. time plot for the reaction A < 2B .
for this reaction the value of the equilibrium constant is.




1. K, < 1
2. K, =0
3. K, =1
4. K. > 1

(1) <) sl

_ [B1? _
Ke="Fr=005 Kc<1

Question 14
ZCOFZ(g) = COz(g) + CF4(g)

The equilibrium constant K, is equal to 2.00 at 100°C for the reaction :
if 0.43moles of CO, and 0.43moles of CH, are introduced into a 1.0L
flask. What will be the concentration of COF, equilibrium is reached?

1. 0.31M
2. 0.22 M
3. 19.0
4. 3.65

(2) <l




Question 15

An aqueous solution of (

1. CsBr

2. Mg(CLO,),
3. KNO;

4. NaNO,

5. NHyNO;

) will produce a basic solution .

(3) <lsall




Q1: Shown below is a concentration vs. time plot for the reaction A < 2B. For this
reaction the value of the equilibrium constant is :

0.12

0.1

concentration (M)
o
o
(@)}

N/
]

0
Time (min)
Answer:
k —[B]Z—[O'OS]Z—OOS- k. <1
¢ =74l T Toos] 0N

Q2: Which of the following liquids will have the lowest freezing point?

Pure H,0

Aqgueous glucose (0.60 m)

Aqgueous KF (0.50 m) [TRUE ANSWER]
Agueous Fel;(0.24 m)

Aqueous sucrose (0.60 m)

o~ w0bdPE

Q3: Which of th3e following aqueous solutions has the lowest osmotic pressure at
25°C?

1. 0.2 M KBr

2. 0.2 M ethanol (CH;CH,0H) [TRUE ANSWER]
3. 0.2 M Na,S0,

4. 0.2 M KCl




Q4: A solution of 62.4g of insulin in enough water to make 1.000 L of solution has
an osmotic pressure of 0.305 atm at 25°C. Based on these data, what is the molar
mass of insulin (in g/mole)?

Answer:

Mass = 62.49

V of solution = 1L

T=25+ 273 =298

m = 0.305 atm

T = MRT

0.305 =Mx 0.0821 x 298
M=00124=7,n = 0.0124

m 62.4
n= = = 0.0124;som.m = 5000
mm m.m

Q6: Chloroform has a boiling point of 61.1°C and dichloromethane has a boiling
point of 40.0°C. when 0.300 mol of dichloromethane is added to 0.700 mol of
chloroform, the resulting solution will have a boiling point :

Less than 40.0°C

Between 40.0°C and 61.1°C, but closer to 40.0°C
Between 40.0°C and 61.1°C, but closer to 61.1°C
Greater than 61.1°C [TRUE ANSWER]

Hwnh e

Q7: What is the PH of a 0.200 M NH; solution that has K, = 1.8 X 107°? The
question for the dissociation of NHs is

NH3 (qq) + Hy0) 2 NHyy(aq) + OHgqy

Answer:

[OH]=+v1.8 x 1075 x 0.2



[OH]=1.84 x 1073
P[OH]=-log 1.84 x 1073

P[OH]=2.72; 14- 2.72 = P[H’] = 11.278

Q8: Which one of the following statements does not describe the equilibrium state?

1. The concentration of the reactants and products reach a constant level.

2. The concentration of the reactants is equal to the concentration of the
products. [TRUE ANSWER]

3. The rate of the forward reaction is equal to the rate of the reverse reaction.

4. Equilibrium is dynamic and there is no net conversion to reactants and
products.

Q9: What is the conjugate base of the BrUnsted-Lowery acid HPO42?

Answer: PO43

Q10: What is the percent dissociation of a benzoic acid solution with pH = 2.06?
The acid dissociation .... For this monoprotic acid is 6.5x10°°

Answer:

k.=6.5x10"° , pH=2.06
O-0O+H

y—0+0

y-Xx — txX tX

pH=-log H", [H] = 10774

ko= ——  6.5x1075
y—x y

y=1.166 (3Ll 3 5)

—2.06
1;)166 x100% = 0.74% ; so the answer is 0.65%

Percent =
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