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Chapter One
Mass relationships in chemical reactions

LSl cdle il 3 2K el

Ll clluadl

Istopes Al

(A) GBS saall Sum e Lalinsy (Z) (g)all sanll i elliad cld o
iy Sl 220 Cum e ST

Example:

.C , JC

Prot. = 6 ﬁmL=6

Neut.=6  neut.=7
ﬁﬂﬂc@ﬂ%j@'tﬁﬁﬁﬂwléﬂdliﬂmﬁd
AU g (pa cimally (S anall e 2t 530 KSH avall 3,6
il ksl L agia aul 15 e Bethiy 5 iallll

-(aam) (average atomic mass)

I-JH_’L-:I %Jﬂ;m &J_H_hj'i-‘-hhi Lﬂjm "h“":‘
Gl 00 T duln, X ay = S0
4,30
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Question:

gg element M exists in natyre jp WO isotopes:

1M, mass = 134“95 amu and "\ maggpfsfgﬁ 0

the average atomic mass of M = 186.20 amy LIﬂ wely
relative abundance of '85)\. » Calculate the

90 BB G908  wos G

The correct answer is (b)

Solution:

Relative abundance 1M =X,
Relative abundance 1M = X,
X1 +X=1

o Aalall 590 Ll an Al s3ay o e 3lae Xo, X oY

Jgdl 3 S
186.2 = 184.95 (X1) + 186.96 (X2) +evvevevens (1)

Xi+X;=1
X2=1-Xl...... (2)
(1) &b doleall (i (2) o) Asleall o ges
186.2 = 184.95 (X1) + 186.96 (1-X1)
186.2 = 184.95 (X;) + 186.96 - 186.96 (X))
Tkl Alsleall 38 g i
X1=0.378 =37.8%

= 38%
16



Question:

Naturally occurring copper exists in two isotopic forms:
$Cu and ®Cu. The atomic mass of copper is 63.76 amu.
What is the approximate percentage abundance of Cu?

a) 50% b)60% c)70% d) 40% e) 30%

The correct answer is (d)
Solution:

Abundance of Cu®? =X,
Abundance of Cu®® = X,

= X1 +Xa=1
=2X=1-X ....... (1)
63.76 =63 (X1) + 65(%2) ..vvvnn (2)

(2) & Wleadl A (1) &) Ao e
63.76 =63 (1-X;) + 65 (X72)
63.76=03 - 63 X7 +65 X5
63.76 - 63 =-63 Xy + 635X,
0.76 = 2X,
=X2=0.38 = 318% = 40%

17



The mole 1 ool

v (8l 0 (6.023 x 10%) ypulagl 322 ga = Jydl
Example: '

olail 6.023 x 102 = LA e Jpa |

S 6,023 x 102 = Lutall e Jse 1

33 6.023 x 102 = Cihill e Jsa 1

Lena Jabal asatd AN i 4ariig ol o (P 2 aydagl ae lade
3,0 6.023 x 107 = chill g dsa ]

(2) S a3ell = b e s |

— Atomic mass

L‘:_ﬂ.'u‘_')qdl Jli :.:.:'I_pi’l Jae P l—"ht_rﬁn e {l

el o
No. of moles = No. of atoms or molecules
0. of moles Avogadro's No.
No
n= s A l
< (1)
abEll 9
' = oVl 222 (2
Ay ks ) S sl S e
_ mass )
No. of moles = e mass
_ I ;
n= e SRy

clipadl )l chill sae 5 cifyall 3= 5 B s =

18



- T b
g —

| e e——— b — e

I Mass tlf [..,_H_JE_.. ;- Numkber of mt:lcs L%, | Number of atoms |

; clement (m) = nu ,’ of element [n} ,I' wiwy of dEmml{M '

Lt b e . v e e+ n o J
T A . - e L =Ll

I ey -

Example:

Compute the mass in grams of a sample of carbon
containing 68 atoms?
®sS 53 68 (gind 032 Al (pall Baayy) ALSH ]

Solution :

"G daasdl o' 12 = ops Mw
A\ i
,:)1 }P R H.u.-:\.h:u‘:f_pll e ey gl 330 s SHAN e (e
e,
no. e

a),’n=ﬁf) ,17-9
68 2

T 6.023x107
n=1.13 x 1002 mol.

byn=——
) Mw
| m
113107 =—
> 12

=m=135x10% g

Example:

Compute the no. of atoms in a 10.0 g sample of aluminum?
£10.0 g leijy pasipal¥l o Ae A Chill 22 sl

19



Solution :

LA 2= - eVl e ¢ ey
26.98 = L, Mw

100

©26.98

no.
b) n=—
) N

Il

=0.371 mol

0.371 = i
6.023 % 10%

= no.=2.23 x 10> atoms

Molar Mass Al gall Ad3CH)

‘( ..... Al ng :Nﬂ} e Sl (655 (ﬂtﬂﬂ'ﬂ.‘: mass) i_.‘m_)ﬂ sl o

«(NO; «CHs) Jie Sl O»Ss (Molar  mass) aalyall i<l o
el

W] 23,€) Al A SIS pany el lpdl LN ooy %5 @
.! egial

Example:

CesH1206
12 _stﬂmi_bﬂic:@;ﬂl Jdyaall e

20



1 = H J i, angy
16 = O J a3l 1k
Mw = 6(12) + 12(1) + 6(16)
Mw = 180 g/mol

Example:

Calculate molar mass of C1gHgOs:
Solution:

Mw = 10(12) + 6(1) + 3(16)
= 174 g/mol

bl e Gl Aley L b clliall e s les 3 0
c-g{'):-.u MW} dg gall 4NN Lluny ga L aSaAN) oS,
Example:

a) How many mc:leculqs of (C7H14{}1) in 1 pg’ "1x10 6 g9
b) How many atoms of carbon are pr&sent‘?

iy Sia 1 852504l (CiH1403) (3 cliiall aa e ~< (a
1x10% g’
eegsll 13 53sapall ¢l )3 2o oS (b
Solution:

Mw for C7H140> = 7(12) + 14(1) + 2(16)
= 130 g/mol

m
ay=> n=——0=
Mw

_1x107
130

=7.7x10"° mol

21



:}n:-l—-l-o-:

N

T?H]G-, = no.
5_0133{],311 = no,= 4-533‘213” molecules

8 Ga SIS T gy (CHLO,) e eigin IS of 2aadts (b
CyH,0; Sliga e x 7 =
atoms 3.24 x 106 = 4,63x1015 x 7 -

Question:

How many oxygen atoms ar 1 |
e there : -
(molar mass = 213.0 g/mol)? g o

a) 3.82x10% b) 8.80x10 c) 3.17 x103

d) T.41 x10% e) 1.8 x10%

The correct answer is (a)

Selution:
m
nAT{HD, }: = MW
!.I'I 15
) = —— =0.0704
213

No. of J'-":.](MDJ),:. molecules
=nxN

N: A vogadro’s no.
=0.0704 x 6.023 x 10”

= 4.24 x 10*? molecules

22



1 AL(NO;); molecule —9 O atoms
4.24 x 1023 AL(NO;); molecules — X O atome
= no of O atoms = 9 x 4.24 x 10%

= 3.817 x 10* atoms

~3.82 x 10** atoms

Question:

How many oxygen atoms are there in 14.0 g CaCO;?
(At. wts. Ca=40.0,C=12.0,0=16.0)

E—

a) 2.01 x10% b) 5.42 x10% c) 3.03x10%
d) 8.67 x10> e) 2.53x10%

The correct answer is (e)

Solution:

- . -
@) “Mm - (40+12+3x16) 'Y
= 0.14 mol

- n0. of CaCO; molecules =N x n “
=6.023 x10%!x 0,14
. =8.43 x 10”2 molecules
1 molecule of CaCQ; — 3 O atoms
8.43x 102 molecules of CaCO; — x O atoms

no. of O atoms = 2.529 x 10* atoms



LS pall 4 glall Asudddl
Percent Cummiﬁun of Cumpuunds

Ad Aalgall ABSH % jaaladl Gily) 22e

- gaiell A yiall Al
%100 x Syl A gall ALSY
Example:
CsH 206
6x12

=%C= 100% = 40%

6x12+12x1+6x16 . 7
— % H= 1;2;;1 x100% = 6.66%
— o 0=2%1% 100% = 53.33%

180

%100 = ¢ yandl

(gl aSpall 1Sl soualiall Apgiall cill pynnn S o 11 o
el s agay e Ju 1348 4% 100
Question:

Calculate the mass percent of oxygen in glucose (C¢Hi,Og)
a)6.67% b)53.3% ¢)8.88% d)27.1% ¢)40.0%

The correct answer is (b)

24



Solution:
CeH 1206

—> mass percent of O

_ 6x atomic massof O «100%
molar massof C.H,,0,

_ 6x16
6x12+12x1+6x16

= 53.33%

x 100%

Question:

Calculate the mass percent of oxygen in Na;POy
(M.m = 164 g/mol) |
a) 38.1 b) 52.6  c¢)45.1 d) 39.0 e)32.4

The correct answer is (d)

Solution:
mass percent of O = 4:;:5 x100%
= 39%

Question: ;
Calculate the mass percent of oxygen in nitrobenzene,
C¢H:NO;.

(Atwts. C= 12,0, H=1.00, N = 14.0, 0 = 16.0)

25



a) 26.0% b) 32
% 5
d} 4.07% 'E) 53‘5;: ‘:} 11.4%

The correct answer is (a)

Solution:

2x16
(6x12+5%1+1x14 +2x16)

—EMIUDE" 9
123 0= 26%

%0 =

»x100%

S el 13 ARS Baal cajdei 1] aShall puaie (gl ABS slag) aakid @
| A Alasll Zapally

CSpall GBS X yeatall ughall Tl = jealell 1S

Example:
Calculate mass of carbon in 'D 176 g of CzHﬁﬂg‘?

¢C>H:02 o 0. 176 g q-i 53 gngall O paySl 3.1:151_1....:..]

Solution:
2x12 w 100% = 38.7%
lez+6xl+2x16

o m, =0l x0.176 = 0.008 &

100 ,
26

% C=



Question:

What mass of chromium (Mr 52.00) is required to prepare
100.0g of K:Cr: 07 (Mr 294.0)?

a) 35.37 b) 70.70 ¢) 106.1 d) 53.03 e) 17.68
.3

The correct answer is (a)

Solution:
Mass percent of Cr in K»Cr:Cl4

2
=202 100%= 35.37%

294
Mass of Cr in 100g of K:Cr;0;7 = 3;5;?

x100=35.37g

el Axaa L3aT

Determining the formula of a compound

Al Al
Chemical Formula
|

! I

Ao Aipeal Ldujalt Al
Emperical Formula Molecular Formula
bkl A Anpend) Argecall 4 Ty 35 SV Aapall o
railly el 45l il gl 23,1 e gyl ks,
Ao sael o Aasaaall Waataely S5l
Example Example
CH-0O CﬁleﬂE



Molecular Formula = L. x Emperical Formula

{ ...... 43{211}@:.-:-:-:&_51"1..
2y ealall &}‘)Ll:}t. Lleb.-a..c__l.‘cﬂ.-.u

L | iz = -
o el u._h.uu.u__a,.n-a..':ﬂ‘_,.__<
Adlad Aaaall 4 1 3k

L

_ M, of Molecular Formula
M, of Emperical Formula

ASFidie aadgl dmg VW Ll O€8 Ll 200l S )l 005 o iy
SaSpall 5Kl 3l slasl

Question:

Which of the following is not an empirical fﬂnnulag_____ .
a) CH b) CH;O c) AICl d) 0,
¢) N2Os B - %"\_“

The correct answer is (d)



Solution:
gl Bpall Jla  SEmpirical Formula o <lade aulf 220 Y "
<byall slach

Molecular Formula = H0;
But the empirical Formula = HO.

Ldoially Tl Lipeall apaaid ALY e psil) 134 Joa Ja AL »

foas,al
el Ll L Aol Aagall
(Molecular Formula) (Empirical Formula)

Example:

Determine the empirical and molecular formulas for a
compound that gives the following analysis "in mass

percent”.
71.65% Cl 24.27% C 4.07% H

The molar mass is known to be 98.96 g/mol.

Al ol sl 1n oy a5 A tlly 2l Rkl a2
" jacalinll
71.65% Cl 24.27% C 4.07% H

g/mol 98.96 (gtud aSyall 3yt ag o Ll

29



Solution:
il ol s iy S0l 1 1 100 g L) anvgs adl i

S oo -
= mg=71.65¢g s, T

m.=2427 ¢
m, =4.07 g
Sl Gyl ealiadl iYye 22e 3a g (1
. H?l'ﬁi_z
T T
24.27
n,=——=2,
T 021 mol
n, = -‘-"li = 4.04 mol
Cl C H e 2o il e as (2
2.021 2.021 4.07
2.021 2.021 2.021 ==
- Cly G H; =Emp'hm:ﬂl Formula

L Al sy a0 (3

M, of Molecular Formula
M, of Empirical Formula

L=

30



o 98.96 e
(1% 35.45) + (1x12) + (2 x 1)

el Gaaall by o 0% (4
Molecular Formula = L x Empirical Formula
=2 x (C,CH3)
= Cl,C:Hs

Question:

A chlorine oxide is 59.7% by mass Cl. What is the empirical
formula of the oxide?

a)ClOs b)CLO c) ClO; -'CQ:‘CEEGJ e) CL,O;
The correct answer is (d)

Solution:
Gl 138 e 100g st 29 il piayis
—> massof C1=59.7 g
—mass of O = 100 -59.7 = 40.39
m 59,7
nm = ==
Mw 3545
m 403
Ilﬂ = =
Mw 16

CII.GH 0 2518
| 684 | 684

Cli O

=1.684 mol

=2.518

31



oo Lgpia AL (ICR) 13, Emperical fnnnuia &

QS5 ol s Y
[L.at 3 dagnia chil sael 5,8 <2 Emperical Formula i “'q
=» 2 (Cl; Ois)
=Cl; O,
Question:

A compound has an empirical formula of C;H;N, and a

molecular weight of 123 amu. What is’ the molecular
formula of the compound?

ﬂ) CqH&N: h] CEH: qu ¢)C2H3N
d]' C]H;;N; E} CeHoN3y

The correct answer is (e)

Solution:
L Molar mass

= Empirical Formula mass
123 123

T x12+3x1+14) 4l

irical Formula)

3

Molecular Formula =3 x(Emp
= (CzH3N)
= s Hy Ns

32



Question:

A compound containing only nitrogen and oxygen is 63.64% N
by mass the empirical formula of the compound is

a)N;Os  b)N:O;  ¢)NO  d)NO, &) N;O
The correct answer is (e)
Solution:

Mass percent of O + mass percent of N = 100%
X +  63.64% = 100%

* mass percent of O = 100% - 63.64%
= 36.36%

Gl 138 (50 100 g Lisad aagy il (s

Mass of O = 36.36 g.

Ny = h?w = J?':ﬁ =2.273 mol
N 0
: .. 4546 2.273
syl —— i
et 2273
N,O

33



Question:

A 3.20}0of clement M (At. wt. = 32.0) reacted with an excece

of element X(At. wt. = 19.0) to produce 14.6 g of compound

containing _M and X only. The empirical formula of the
compound is:

a) MX; by MXs ¢) MX;
d) MX, e) MX;s

The correct answer is (b)

Solution:

Mass of a compound = mass of M + mass of X
14.6 =32 + mass of X

*) mass of x = 14.6 3.2

_m__32_01mol
n:.."_b,{m 3

- m _114 _4p
nl-m 19
M%% T
= MiXs

34



Question:
A sample of a nitrogen oxide gas has a mass of 6.2g. If the
compound contains 1.4 g nitrogen, its empirical formula is:

a) N.O E; NO; ¢)N>O; d) NO; e) N2Os

The correct answer is (b)

Solution

Mass of the compound = mass of N + mass of O

6.2=1.4+massof O
—>massof0=62-14=48¢g

By = i =0.1mol
14
n, - =0.3mol
16
Ng, O,
0.1 ol
N,0;

Question: (ﬂr/

When 0.860 g of an organic compound containing C, H and
O was burned completely in oxygen, 1.64 g of CO: and 1.01
g of H:O were produced. 1f the molecular mass of the
compound is 138 amu., determine the molecular formula (C:
12 amu, H: 1.00 aum, O:16amu)

35



a) CsHa4O4 b) C;H.0 ¢) CsH1,0,
Ell CﬁHIEDJ ﬂ) CzH;D;

The correct answer is (d)

Solution

e 5 m _ 1.64
o Mw (12+16x2)
Moles of C = moles of CO;|

=0.0373 mol

= 0.0373 mol_ -
m 101
T — - =
0 Mw 18 0.056 mol
oles of H =2 x moles ﬁf}j_zﬂ
=2 x 0.056
=0.112 mol

m,_ =nxMw

=(0.0373 x 12 =0.448g
mp=nxMw=0.112x1=0.112¢g
mass of the compound = m, + my +m,
0.86 =0.448 +0.112 + m,

m,=03g

3 m =ﬂ'3=ﬂ_ﬂlﬂﬂnm|
U Mw 16

e H
00373 0112 00188
COIER O0IEE OOIES

36



G H;g O = Empirical formula
Mw of molecular _ 138 o
Mw of Emperical (2x12+6x1+1x16)
Molecular formula = (C;H40);.

= CsH;30s
Chemical Equations Aafleasll Y aleal)
Reactants > Products
(wle 'l.i‘u!l} {El,ﬁl}

Wy B8 Y Bl o aay ABEN B o Lo asih itla )l Asledll ®
AT IS e Jgai i p2e e U3 Y Giats

«(8) & «(s) o ¢ () L 53l s A8l Asledl s
| Aaalilly Lo liadl dyall ciyall sl (ag) (Sl Jylaay

Example:

CH,,, +20,, —CO, +2H,0,,

&)

Aol cN saal) 435154
Balancing Chemical Equations

Usladdl 2k LKl A ileal sl Lijlyell Liphe Wbt g (1 o
Al oo SSY1 il G o o8 als Lot (s

37



s (eae S (5 (CuaaSY) & delill) Ghaayl Jels o
H0 4o g ey Gomasiely pnpll ) gyl oyl

+ CO
Example: E

Balance this equation
C:HsOHp + Oz, = COy + H:0,

Solution:
sl i gty (1
C,H,OH )t Oag) = 2C0,,) +H,0,
(2C) (2C)

Ceaa el bl Ojly (2
C,H.OH 0+ GI{EJ — 200, + 3H20m
(6 H) (6 H)
OaxnaSy¥1 )l Gl (3
C,H,OH ) +30,) = 2C0, +3H,0,
(7 O) (7 O)

Question:
What is the mefﬁment of G;, when the following equation is
properly balanced ‘Wlﬂ'l thc smallcst set of whole numbers?

C ,H,OH+0O, »CO, +H,0

a) 1 b) 12 c) 9 d) 15 )6

The correct answer is (¢)

38



Solution:

(L) dole Ljlye oSy JIaly 0SB Ljlea o
C,H,OH+60, - 4CO, +5H,0

Question:

What 1s the coefficient of oxygen when the following
equation 1s balanced?

CisH340 + O, - COs+ H,0
a) 21 b)9 c) 24 d) 15 e) 18

The correct answer is (c)

Solution:
"Jiialy 2wSE Cunl’ dale 5l
CisH140 + 240, — 16C0O; + 17TH;0

Example:

Balance the equation for this reaction?

(NHJ)! CIEDT{S; - Crzolis‘.l T Nzlg] + Hzo{g}

Palalaall 538 1..‘1__',!‘,.“ {,i
Solution:

SIS Clpadl 053Ky Tl Lales LS dpadial) 355pally o5

39



(NH, ]ICrEE}?E] - CrO, + NHga +4H,0,

—

dadlilly Ao lital) ogall A :Aulais)) Sl
Stoichiometric Calculations: Amounts of
Reactants and Products

ailaS Asleal W00a3 5a3ae CilpaSs Aadlilly Aleliadl dydl Lagys
Ay )gal
copilida S5 300G g gl 13 e 3 Al ALY e
aaly e 3ae e a3 Silaglae o C¥a 22e gl 35 13 (1
;ﬂ_,..l'l GBS (e ol Jadd aaslill ) Alelaal dlsall (re

-#-H

------

SIS Jadl S
mass Sy mole — mole > mass
of A of A of B of B

[;"LF‘:L?‘LLEU"M' uj".!"%‘?—_“lﬁ.\bla]

Question:

Calculate the mass (g) of CO; (molar mass = 44.0 g/mol)
produced when 144 8 of CsHi: Fmﬂlar mass =
72.0g/mol) are burned in excess Oz to give CO; and H,0O

according to:
: Cg!'!]z'i' G} — CO + H,0O

a) 11.0 b) 22.0 ¢) 44.0 d) 55.0 ¢) 66.0
The correct answer is ()

40



Solution:
Aaleall 3680 8485 .

Cs;Hy; + O3 — CO; + H;O
Alslanll 028 A3705as agei .2

CsH;>+ 80; — 5C0O, + 6H,0

B e 14; =0.2mol

n[":.-_.HI:I = Mw

1 mol CsH;; —» 5 mol CO;
0.2 mol Cs H|3 — X mol CO;
=> moles of CO>=5 x 0.2 = 1.0 mol

= mass of CO; =n x Mw
=1.0x 44 = 44g

Question:

Calculate the mass of CO; produced from the complete
combustion of 2.50 g C;Hg with excess oxygen
y > =18 y—

a)2.62g b)132g )7.33g d)440g €)103 g

The correct answer is (c)

Solution:
ledig o4 Aslaall s Yy
2CHg + 70; — 4C0O; + 6H-0

41



C, H, O or) (g3 Mitnhhtu"ﬁ.;hgl 3aal Ll

e iy (C, H
H,0 and CO,
m 2.5
e T Mw T @2x12 4 6x1)

_ 25
30 - 333 mol

2 mol C;H; — 4 mol CO,
0.0833 mol C,H; — X mol CO,
moles of CO; = 0,166 mol

= m=nxMw=0,166 x (12 x] + 16 x 2)
=0.166 x 44
=733 ¢

Question:

What mass of BaCl, (Mr 208. 3) 1s required to react with
10.0 g of Fﬂz(Sﬂ.t)_:, (Mr 400) according to the equation
(balance the equation first)

FE:(SU4}3 + BaCl,—»BaSO0; + FeCl,
a)3l.2g  b)l156g <¢c)62.5 d) 46.9 e) 50.6

L

The correct answer is (b)

Solution
Fey(S0,); + 3BaCl,— 3BaSOy + 2FeCl,
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10

Ny 50,5 =ﬁ]-=l}.925nml
Mo, =3%0.025
=10.075 mol

Mg, =NxMw
=0.075x2083=15.62 g

Question:

2.10g of element X reacted completely with 4.8 g of oxygen
to form the compound XO;. If the atomic mass of oxygen is
16.0, calculate the atomic mass of element X.
a) 28 b) 12 c) 14 d) 16 e) 32

e

The correct answer is (c)

o

Solution
n, e SHH =ﬂ =0.3mol
Mw 16

2 molofO—=1 molofX
0.3 mol of O = 7?7 mol of X

Moles of X =0.15 mol

Muw L 2.1

n 0.15

= 14g/mol *
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ol Sya 222 e Jas Glaglea oy aae Jledla 355 131 (2

el d—aldl a0 i Ly P S| —

e e VL Wla 3y LS Jall JWS| & "Limiting Reactant’
"Limiting Reactant” sl Jala)l 13 SYya 22

Limiting Reactant ddaall Jalal)

Gl (Ao 2y il 10eS 30a3 4 3 el lind) aal s
sl dueS
Question:

Calculate the mass of NHig,y (Mw=17) produced when 5.60
g N2 (Mw=28) are reacted with 1.50 g H» (Mw=2)
according to the equation:

N: + 3 Hj —> 2NH;

a) 7.10 b) 6.80 c) 8.50 d) 5.40 e) 9.80

The correct answer is (b)

Solution:
A e lind) lgall opa il AES Wl o) Ba3l TSala 2,550 Aaladll
sanall Jeladl (Limiting Reactant) J) aaas (g

]

n I*__ m = 56_._ —_-0,21'['101

Nz ™ Mw _2}{14 .
nH =_-—m :—£+—5—'=[}75m|
! Mw  2xl
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e el 33 dady a8 (Limiting Reactant) aiseall (alell asass)
Sdoall alall g (3% Siaa¥ly 435 jpell dbileall 38340 sal COLaL

N, =0.2 (limiting Reactant)
e

3 gjpall Aoleadl 5 35m5all Np Jelas

—— ]

Ly jpall Asleall 3 3gmpall Hy (ales

2l a€ Ciln (A aaaall Jaladl aladsly o0
1 mol N2 — 2 mol NH;
0.2 mol N; — X mol NH,4
moles of NH; = 2 x 0.2 = 0.4 mol
mass of NHs =n x Mw
=04 x (14 +3 x1)

ol (3 3dhe Jaxs ) (6,81 Jyaall o :Mw
=6.8

Question:

Consider the balanced chemical equation:
i ZA]{:} +3Br=ni "_"} ZJM-Brjhl
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Calculate the mass of AIBr; (molar mass = 293 7 g/mol)
produced from the reaction of 1.620 g Al (At. Wt = 27.0)
and 6.392 g Bry (Mm, = 159.8 g/mol).

a) 9.398 'b) 14.64 c)8.615g d)7.832¢
e) 10.18 g

The correct answer is (d)

Solution:
2 Alm + 3Br,,, = 2ABBr,,,
m=1.62g m = 6.392¢ m=7?

Mw =27g/mol Mw =159.8g/mol Mw =293.7g/mol

Joaladl @8 jna e 2008 Alelinell dlgall o il A58 L) .1_-_-.._,5-._'.“_.:1
(Limiting Reactant) sas.ll

S m _ 1.62 =0.06 ol
A Mw 27
N m _ 6.392 _ 0.04 mol

B T Mw  159.8
"aaaall daladl a0a%] L3 0l 3y

Lo sl 2 Rasd »st "Limiting Reactant” il ) waail,
g ysall Aalell 9'-' I sall Lale ]

A= 2% _0.03

Br. L 094 20,0133 ( reat)
1T 3
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1S laad 4eaa5, "Limiting Reactant” aaaell Jaledl 0 Br;
il gl
3  mol Br; — 2 mol AlBr;
0.04 mol Br; — x mol AlBr3

2x0.04

moles of AlBr; = = (0.0267 mol

M yp =0 x Mw
=0.0267 x293.7 = 7.833 ¢

Question:

When 20.0g C;Hgs (Mw=30) and 120.g O, (Mw=32)react to
form CO; and H,0, how many grams of CO; (Mw=44) will
be formed?

a) 18 b) 36 c) 54 d) 539 e) 88

The correct answer is (d)

Solution:
. o 20
“2fe T Mw (2x12+6x1)
= 0.667 mol.

-ﬁ=3.?5mnl

n =
32

2C-Hg + T0;, - 4C0O, + 6 H-0

(Limiting Reactant) sasell (Jelall a3 sy

C,H, = @ =0.334 (sl
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3.75
0, = =~=0.536

sl Jaladl 44 CoHg
2 molofC;Hg — 4 mo) of CO,

0.667 mol of C:Hs — X mol of CO,.
Moles of COz = 1.334 mgo]

Mep, =NXMw

=1.334 x (12+ 2x 16)
=58.696 g
=59¢g

Question:

What 1s the maximum mass of SO,(Mr 64.0) that can be
produced from a mixture of 100 g FeS;(Mr119.8) and 100 g
O; (Mr 32.0) gas? '

4 FeS,+ 11 O— 2 Fe;0; + 8 S0,

2)854g b)117g ¢©)9%.1g d)130g ¢107g

The correct answer is ()

Solution:

., m _ 100 =0.835mol
2 Mw 119.8

m _ 100 ~3.125 mol

2T Mw | 32

n,
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(Limiting Reactant) sasall Jelell 35355 caay

FeS, = b T’E =0.209 (_iaYl)

0, = 3 I]fi =0.284

4 mol FeS: — 8 mol SO;
0.835 mol FeS; — x mol SO,

Moles of SO: = 1.67 mol

=Mg,, =nxMw

=1.67 x 64 = 106.88g

1.l Jeladl g2 FeS,

Percent yield

Ggiadl 29l

=Y gl e L gty (g et e Rl 7l s 4

[ gl & muim]\‘
ql.mn.“

%100 =

il Uales LS bl (DA e 300y (63

[ Chliall JME e }/' '

49
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actual yield
Theoritical yield

Percent yield = = 100%

LEA 058 A gyl el Glaa Gl (31 egiall Ul (g
Ul Wl (actual yield) il il o Jlid)l 3 e slaadl
Ll LS doluany ayil dynge g ggd (theoretical yield) iyl

Ll

Question:

A sample of 1.20 g of carbon was allowed to react with 1.60

g of oxygen. If 1.65 g of CO, were produced, the pewentﬂgc
yield of CO; is: (At.wts, C=12, 0=16)

a) 54.4% b) 32.6% c)41.4%  d) 75.0%
e) 67.1%

The correct answer is (d)

Solution:

Jidl Llgs A Y aaall aalill o (1.65g) Jidl 3 C O, S
(CO2) d syiall 2535all laa illa
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m 12

n_= - = =1D.1 |
©  Mm 12 e
m 1.6
n, = = = (.05
" Mm 32

"‘Limiting Reactant” sasal Jalell 325 (s (*

C:‘:EE:{}.]

(= .D'Tm.:g_gs (ia)

= moles of CO; = moles of O, = (.05
Mg, =NX Mm
=0.05x(12+2x16)=2.2

=158Y1 25Ul Theoretical yield
Jigall A 5p8ke  Jany A
actual yield
Th:ir::-retical yield
cillaall (IS e

» 100%

Percent yield =

=165 100% =75%
22

QOuestion:
Consider the following decomposition reaction:

CE,H];G.E, —3 2 {:_'._-}'I{,GH + 2 CDE
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Upon decomposition of (.12 mole ' sample of C¢Hy,04, the
20,

mass ch""HSDH (M.m = 46 ' &/mol) Ubtamf::d was 9.4 g. The
percent yield nf CEHSGH was:

a) 25% b) 50% €)35%  d)75% ) 85%
The correct answer is (¢) -

Solution

CsH1206—2C.Hs0H + 2CO,

1 mol of C¢H1,0s — 2 mol of C:H;OH
0.12 mol of C4H ;05 — x mol of C;H;OH

Moles of C:HsOH = 2x0.12
=().24 mol

Mass of C;HsOH =n x Mw
—0.24 x(2x 12+ 6 x 1 + 16)
— 11.04 g “theoretical yield”

actual yicld —x100%
Thﬁj]‘ﬂtil:ﬂ] }-’Eﬂd

Percent yield =

=__E]_"?_.xlm%
11.04

= R5.14%



Question:

Consider the following reaction:

FE}‘D‘J +3C0O — 2Fe+ 3 CO,

When 5.30g of Fe;0s and 3.92 g COwere allowed to react
according to the above equation-2.14g of Fe were produced.
Calculate the % yield of the reaction. (Molar masses
(g/mol): Fe;03 = 159.7; CO= 28.0 and Fe = 55.85)

a 94.3

b. 66.0 €. 57.7 d. 45.9 e. 83.0

The correct answer is (c)

Solution:

Jo AL 038 g 230 gl and AL lae§ 08 Jigdi AL ¢ 55 LAY
aledl dadll o2a & 5 &l (actual yield) Jelall Gdall 23540 e
(sl Y 293 sall 22 4il) A geaa (Fe) 4SS o o i Jall
(Theoretical yield)

1 -r:«r

MILJL'JHZIL‘J.& JHJ%EJ_}_}.&UJLIJJ
Fe;03+3 CO — 2Fe + 3 CO,

M=53g m=3.2g =77

Ale i) N gall Cpa ol QY}nmulleﬁﬁhJLaué:J:;.ﬁﬁjihg
(Limiting Reactant) 23l Jaloll nas5 Cini
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m 5.3

Mra0s = M, 1595 0322 mol

0.0332

——=0.0332

1
et
m _32_ ... (LR) stee

Meo = M, 28 % 4 mol

E?—?J = (0.0381

Aaall LLanjl A ngl‘:l]
1mol Fe,0, —» 2molFe
0.0332 mol = X

-2 2%0.0332 1 Uﬂﬁﬁ4nw!
_ 1 x M, = 0.0664 X 5585=3.7g

; Theoretical
actual yield 3 1El[l%

=96 yield = Theoritical yield
3.7

nFr
= Mg,
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Chapter: Two

Gases
<yl
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Chapter Two

(Gases
S i

Sl ciball caladlt G saladl il (saa) B Anlll Al e
e clea 3ae Al o3a dlbiay e

Ad aalen (Al aadl Jads (1

alaca Dl LalblE (2

lalldan i 5B (3

Pressure Jadall

Force
Pressure =

dbe jle J€ Y Gaagl i g Blaagy baall Ay L oi g o

Cprs ek
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(o Sz (Units of pressure) iy Sliag

Gi) pla)
b ¥
] atm = ?ﬁl} mmHg
| atm = 760 torr (r_illi..b}
| atm = 101325 Pa"(du 49
| atm = T

101.325 Kpa ¥

Aediad Bala aa g Yy laieYl daes Bl o3a
oslad) sangll Tl 0y LS igatll Rdee (555 @

Example:

The pressure of a gas is measured as 49 torr , represent this
pressure in both atmosphere and Pascals?
iaags Jaiaall 1ia (JBa ¢ 49 torr I laybua 2agy L& bl

PIISuly (gsall Taiadl

Solution :

2 atm -2

P . :543{”] atm
a) 49 torrx 760 tofr

+ 75 Pa 3

, amxjy_g_rT:ﬁ.ixlﬂ Pa

b) 49 totr x 760 E"ﬁ l atim
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il (alad 5 g
sad¥ oy (g—all ba .zl Wl al manometer -3 jlga 33

(Open end manometer)

e P NTTIEIE. L'
LIRS TTTY M=
ITNTEUR T M TN

The Gas Laws Siljlad) alled

ablell ooty 3505 Lal aap
(Boyle's Law) dis 055 (1
(Charles's Law) L o5l (2

(Avogadro's Law) silasdl 55 (3
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(Boyle's Law) (s ¢4l (1

)09 ,:_H-,.q Jie Caas i‘*-_llﬂ'- till_,llr Ll Qe II||:||“5=

1 Lol
Vaz

P
g bl (o haagll 038 Gapline pd ke slglad) Jla 3 0

RRAERENY Ll 8 (T) Bhall daplae W ppadl e cilaall

(K?)
—|ViPy = V2P under constant nand T
P = pressure (haall) T = Temperature
(GUINIEESY)

V =Volume (a=l) n = no. of moles (c¥sall 232)

Example:

153 L sample of gaseous SOz at pressire of 6.5x10° Pa, If

the pressure is changed 10 1.5x10* Pa at constant
temperature, what will be the new volume of the gas?

hica ;5513 ¢ 6.5x10° Pa Jaiaas 1.53 L 233 SO4 Sl (e i
axall sSa 13le Asylh By dapd 3 1.5x10% Pa g Ll ola

60



Solution:

Sl pusn Jigadl A S8 o oy anl 0S5 n sl 2ae @
WZde G Gigan (Jla

Vi=153L V=177

P; = 6.5x10° Pa P; =1.5x10* Pa
T = constant

=P V=PV,

6.5x10° x1.53=1.5x 10* x V;

= V2=0.663 Le— V)5 i

{Charles's Law) (J L& § ¢l (2
¥l aeg bkl Cild sie 3lal Aays pe Lk Sl aaa Cauliy

<
=
]

under constant n, P

J
H|<
Il
Sl

rol oSy ((K®) oalShl sangs 5)hall 3ays 5483 Laila @
K°=C"+273.15

Example:

A sample of gas at 15 C° and 1 atm has a volume of 2.58 L,
what volume will this gas occupy at 38 C° and 1 atm?
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258 o g2 SRS L atm iy 15 ¢

Dha dayy 5l - o
| Jainnay 38 C° 3)ha a2 WO A W e die

e A by Gl sl L L

¢
Solution: &
F] = I atm P .
2 =1 atm
Ti=15 C=15+273.15=288.15 K> T,=38 C°=38+273 15
=315 K°
V:=258L V=177
dledl a8 eyl hiall o B e
L%
i L
258 W,
288.15 311.15
= vg =279L

(Avogadro's Law)  nlasil ¢4t (3

Van

— E = Fi under constant T.F
n!

n
I -QMM j\ﬂl -I..:ﬁ{,,. A nl
C-""J*u Sl &iYya 22 =n 5
g jsall Astad e eV (n)) pa (m) sla adis

oDl ls Ggan die hE Ll CYye 32 pus e
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Example:

Suppose we have a 12.2 L sample containing 0.50 mole of
oxygen gas (O,) at a pressure of 1 atm and a temperature of
25 °C, if all this O; were converted to ozone (O;) at same
temperature and pressure, what would be the volume of the
ozone?

e e 0.5 mol gyiady 12.2 L asas die Lual aag asl )
0; J\& JS 131 ¢25 C° ha daysy 1 atm i 3o (O3) canaSl
aan pSin 13ka hiazally 5 5all Angs il 235 (03) Gl M Jyas
COaidl Sl

lgaiilsay Alalaall LIS o4 (1

305, — 204,
(n) c¥pal ase s Sl Jels agan Jaadls
m = 0.5 mol n; =177
Vi=122L V=77
e eV O Si¥se 2e e O3 S¥se e Glua a4l &
Aagiall Baked)
3 mol of O — 2 mol of O
0.5 mol of Oy — X mol of O,
=>n, = x4 =0.33 mol=n,
V. MV
=—t=—
n, n,
122V,
0.5 033
= V:=8.1L
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uestion: = T AP WL
E.M:]l \Q\:.-F-.;—«L"_’-:’":' e L—.HSS i u\@&xﬁﬂ ?J'-: o -'M S RPTLILL
For a gas, which pair of variables are inversely proportional
to each other?
a.P, T b.P,V

e. ¥V, T d.nV

The correct answer is (b)

Ideal Gas Law gjﬁ.nﬂ BiES T

Qe W<as Chgn Liee Clia 4 G 2 jle 1 W) L e
Gy A 4na Jaladll mudaiod Cuay Gl A aa jef 220w
cdnga (530 4l

Boyle, Charle, Avogadro” ialL.dl cuilsd SO aeats asli iy ®
OIS paimy (gl (A Aalasial alins daly 0y Glaad Casy

PV, _EY,|

nT n,T,

. (1)

Lo 138 e Cilag cyll e
Lol e ciday SlIA) S (n) C¥yell 3o 55K ple JS5 @

FII1||'IIFI — PIVI
T 1.

I

=

o bl dnn lae Ll e Slaall = el o Silaal) e

v (K®) Sl 3aa,
2. g "

e 64
A



cAY gy e Gl it Ledie Gl 18 aadis e

T T T e e T b T

Plv1 T P!VE
F;]r.l:l ﬁ!_-':rl

= P\V,=P,V: ( Boyle's law

-0yl (P) iy (n) Siye 232 a3 (2

:;.:P]_L _ F::v:
HITI n,l,
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Example:

A sample of diborane gas (B:H;) has a pressure of 345 torr at
a temperature of -15 C° and volume of 3.48 L, IF conditions

are changed so that the temperature is 36 C° and the pressure
is 468 torr, what will be the volume of the sample?

15 C° tha 25,5 2o 345 torr hiwa dhia (BiHg) & e die

Lizlly 36 C° shall days connaly Lyl capus 13 (3,48 L anay

Solution:

Py = 345 torr
Ty =-15C*=258.15K"°
Vi=348L

PV, _PY,
L T

345x3.48 _ 468xV,

258.15  309.15
= V>2=3.07L

Taiall o34 ana b Lo« 468 torr

P, = 468 torr
T;=36C°=309.15K"
V=77

ilasgll cpude e Oplll a3
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P = atm V=L n=mole T=K"®

‘,( Lt .,-m-uj

R = gas constant ( = 0.0821 atm.L/mol K°)
or 8.314 J/mol.K®

, /
(@)

aals Jyease 253y
Example:

A sample of Hydrogen gas (H,) has a volume of 8.56 L at a
temperature of 0 C° and a pressure of 1.5 atm calculate the
moles of (Hz) molecules present in this gas sample?

5__!1_}:- :-—‘:UJ ve 856 L e e Sy {H;} L;:\;.J_;:g.g_ﬂ JL:- Ly ;..1._14:
E'-'J EJI_’..'_,';_,AH LH;_\.JJJ._I'JJ llliht_,..l. dac L._L-.-_"i..l 3 15 atm -.L.;_n.'a_-, D Cﬁ

Paisall o34
Solution:
V=8.56L T=0C"=273.15K"
P=1.35atm n=7?
PV=nRT

1.5%x856=nx0.0821 x 273.15

= n=0.57 mol

- -
- - = -r'I--————--J-——-.----.-I——-------._——-.--u___-.--n__— ________

agin Gadll o ildll MIS e 5anena Al ¢lae | f.)ii i ®
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Example:

A sample of methane gas that has a volume of 3.8 L at 5 C°, is
heated to 86 C° at constant pressure calculate its new volume?
s 235 C% Bha 401 3 38 L a paas iy lud Sle e die
.i..':._ujl n:].‘.'i W‘ﬁ;ﬁ%‘l 86 C° Whﬂ@ﬁhﬂﬂﬁﬂ
Solution:
Vi=38L V,=177
Ti=3C"=278.15K" T, =86 C°=359.15K"
P = constant
P.Y, P.Y,
AT nrT,
VvV, V,
= ==
Tl Tl
3.8 \%

— 2

278.15 359.15
= V:=49L

Question:

The volume (L) of 17.0 g of H,S (Mw=34g/mol) at 27 °C
and 90.0 kPa is

a)7.12 b)139 c) 20.8 d) 32.3
The correct answer is (b)
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Solution:

T =27°C=300°%

By B
101.3
n,. e DY 0.5 mol
| Mw
PV =nRT
V=HRT
P
v _ 0:5x0.0821x300

0.89
V=1380L = 13.9L

Question:

The volume occupied by 5.00 moles of H>O vapor at 152
mmHg and 25°C 1s allowed to expand to twice its original
under constant temperature. Calculate the final volume of

the gas. (in L)? 2N,
a) 977 b) 1466 c) 733
d) 1223 e) 400
e

The correct answer is (d)

Solution:
152
n =25 mole P=152mmHg = — =(.2 atm
760
T=25C° Vi=1
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‘J;=2xV|

=>PV=nRT
0.2xV=35x0.0821 x 298
=>V=611.65L

jv3=2x611.65=]223.3

Question:

a) 1.9 b)3.1 ¢)224 d) 4.7 €) 2.4

The correct answer is (b)

Solution:
molar volume = volume of one mol of gass
=n =1
T = 300°C = 573%

PV=nRT = V= st
0.0821x 573
V=]
" 1.5x10
= 3.1L

Example;

A sample containing 0.35 mol argon gas at a temperature of 13
C®and a pressure of 568 torr 15 heated to 56 C? and a pressure

of 897 torr calculate the change in volume that occurs?
e e it
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iy 13 C° s s 2ie 03231 L& 32 0.35 mol (geias e
.;'j:'l.“ _J._.AZ\]I -..1_L-.u:n..| 159? torr -L.'Ln-::-_, 55 Cn L_riﬁ Ll—‘;‘“':'r'-j.iﬁg torr

Solution:
n=0.35 mol T-=56C"=329.15K°
T,=13C>=286.15K" P> = 897 torr
P,= 568 torr
V|=?? ng??
(V2= V1) s sl
PV PV
Ol gga 3 L= 22l s sl adaus Y
| g4-2a _,a._,.] n] Tl n: T: LT J.l‘:.-'.'l_"h_h.u @L.l.u..i'}'

il 35 Bld = e ls Gigaa ated cul Eal ae B @

Ol Ga @il (n) C¥sell 2o 3y saa e 2 JS sl e
1}P1V] =]]R.T]

gl | atm

P, = 568 torix 2 =074
(RN e T
= 0.747 x V;=0.35 x 0.0821 % 286.15
—Vi=11L
2)P2Va=nR T, :
B <86 torrn e B
60 torr

= 1.18 x V2, =0.35x 0.0821 x 329.15 = V>, =8L
:&VQ—Ui:E-lI:—}L
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Question:

A small bubble (+=3) rises from the bottom of a lake, where the
temperature and pressure are 4.0°C and 3.0 atm respectively, to
the water's surface, where the temperature is 25°C and pressure

1s 0.95 atm, calculate the final volume of the bubble if its initial
volume (in mL) was 1.21 mL.

a)0.71  b)6.2 ¢) 7.1 d) 21 e) 4.1

The correct answer is (e)

Solution:
T1=4C°*=277K® Py =3 atm
Vi=121ml T;=25C°=298K"°
P2 =0.95 atm V=177
PV, =P2_V1
L T

3x1.21 _0.95xV,

277 298
= V=411 mL

Question:

Which of the following is not important in determining the

physical behavior of a gas?
a. Volume b. Temperature

¢. Chemical composition d. Fiﬂssure

The correct answer is (c)
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Molar mass of gas (Mw) Sl Audgall alicl)

PV=nRT
P 11l
M'ﬁ"
PV = BT
:}Mw :w_ .“{1]
PV
dm
=
density (g/L) O (1) (0 Ay el
dRT

— MH =_P'_ w(2)

(gl (d) LB pa 4ud Jalais 31 LN 3ang 2uagll gilall ga 1ia
Db Ol 1 s QIS ) (d) e 4 a3
Question:

Calculate the molar mass (g/mol) of a gas if 8.00 g of the
gas occupy a 5.00 L container at 92.0 kPa and 27 °C.

a) 10.8 b) 32.5 c) 52.1 d) 43.4 e) 217
i
The correct answer is (d)
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Solution:

P = 92kpa x 1amm
101.3 kpa
= 0.908 atm
T = 27°C

27 +273 =300°%
Mw = mRT = 8 x 0.0821 x 300

PV 0.0908 x 5
= 43.4 g /mol

Example:

The density of gas was measured at 1.50 atm and 27 C® and
found to be 1.95 g/L, calculate the molar mass of the gas?

27 C° 3hha dany 1.5 atm Lo e leald o3 Ll e Aiie S

€U 1agd 2l LS Caal ¢ 1,95 g/l (gyld cazay
Solution;

P=1.5atm T=27C°=300K"
d=1.95g/L
dRT
- M =—
™ P
~ 1.95x0.0821 x 300
" 1.5

M

=32 g/mol

Question:

Calculate the density (g/L) of NH3 {M.w = 17.0) at 25 °C
and 0.80 atm.

a) 0.97 b)0.83 [©)0.56 d)0.69 ¢) 0.75

The correct answer is (¢)
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Solution:

T =25°C = 25+273 = 298°k
d = Muxp =_ 17x0.38
RT 0.0821 x 298
= 0.56 g/L
Question:

A 4.37 gram sample of a diatomic gas occupies a volume of
3.00 L at 1.00 atm and a temperature of 45°C. What is this
gas?

a) Fz b) N2 ¢) O2 d) Cl, e) H>

The correct answer is (a)

Solution:

m=437¢g V=3L P = latm

T=45C"=318°K M, =77

M, = mRT
PV
437 x0.0821 <318
= =38 g/
o g/ mol
= F, gas

Ouestion:

6.50 g of an unknown gas is sealed in a 1.00 L [Nask at

37.0°C and 3.75 atm. Which one of the following is most
likely to be the gas.
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a) H,O (molar mass 18.0 g/mol)
b) HBr (molar mass 80 9 g/mol)
¢) HCN (molar mass 27.0 g/mol)
d) HS (molar mass 34.0 g/mol)
€) C;Ha (molar mass 44.0 g/mol)

e

-

The correct answer is (e)

Solution:
T=37C*=310K"°
- Mw " mRT
PV
= B MBI X310 et 1 gl
3.75x%1
Myod o daadal e @
d T = T Mw LIS iually hall Loy e 2ie gl
Example:
NO; = CcCO; = N3 > He = El ,
My = 46 44 28 2
o =
M, T
—d7T

76



Gas Stopichiometry ahlall Axdliandl) il

CMEA) e LB 31l gy Ll gl Lyl Al 3 bl oS
oYsall aie e 3Ly Sl 20 Gilua A4S

PV=nRT
PV
::-,.n e
RT

e
STP = Standard Temperature and Pressure
T=0C"=273.15K°
P=1atm

¢ T = 273.15 K°® daii aspsd cans 5pdloe STP 46 353 s 1 @
P=1atm
Example:

Calculate molar volume of Ideal gas under STP conditions?
03, el iy lall Ciad (sExampled lall ol paall il

Solution:

n=1 mole T=273.15K"° P=1 atm

V=7
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PV=nRT

I xV=1x0.082] x 273.15
=>V=22421L

(STP) e iy s o

I mol of gas — 22 42 1 lii

Example:

A sample of nitrogen gas has a volume of 1.75 L at STP
how many moles of N, are present? j

oy il 5le Ciya 2o
Solution:
ool 8k 2
(STP) iujlunall g plall ns Ll Ly (1
= 1 mol of N gas —» 2242 L
X mol of N gas —» 1.75 L

=& 9 —=7.81x10~ mol
p=1atm ,T=273.15K°® i STP (2

—PV=nRT
1 x 1.75 =n x 0.0821 x 273.15

— n = 7.81 x 10 mol
At Lt gl Luasds Uy
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Question:
Calculate the density (g/L) of NH3 gas at STP.

2) 0.759  b)3.32 ¢) 1.23 d) 2.86
-*—

The correct answer is (a)

Solution:
T =273°C S =~ STP
P = 1atm
Mw=dRT
P
d =
M, for NH; = l?g)’mnl h *
d = 17 x 1 = (0.759 g/L
0.0821 x 273
Question:

Calculate the density of O, (MW = 32.0) in (g/L) at STP.
a) 0.758 b)440 ¢)1.96 d) 1.25  e)1.43

The correct answer is (e)

Selution:
STP ‘ T = 273°C
P = 1 atm
d=MwxP = 32x]
& T 0.0821 x 273
= 1.43 g/L
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<, A 1T

Question: 7 7’13 >

3 —
What would be the volume of a gas at STp if it was found t
SIF 0

occupy a volume of 255 cm? at 25 °C ang 85.0 kPa?
a. 234 cm? h

c. 190 cm?

—

b. 199 x 10° cm?
[ d.0.196 ::m-;‘}
The correct answer is (c) h -

Example:

Calculate the volume of CO, at STP produced from the

decomposition of 152 g of CaCO; (Mw=100.09 g/mol) by
the reaction?

SLEas Ly EJL'm [STP) LJJE:—J! '-._i__U..HI (N Cﬂg JL:.  — ;Tl_u:J
filsladl 530 e CaCOy = 152 g
CaCO; — CaOg,) + COyy

M, (cx0,) =100.09 g/mol (gl dsaall 5

i m 152
= = =1.52 mol
= Mo, = 7100.09
1 mol of CaCO; — 1 mol of CO;

152mol ofCaCO; — X mol of CO,

Ny, =1.52 mol

,_E,A‘,' saaly Lu,ﬂn S0 e Lus] L!:':"-'"_,.)'L" Jag bl Jlpdl iz @
S iyl

STP = T=273.15K e
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= 1.52 mol
= PV=nRT
1 x V=1.52x0.0821 x 273.15

—=V=34.1L

Question:

Calculate the volume in liters of N produced at 27°C and
836 torr upon decomposition of 3.25 g NaN; (F. wt = 65.0)
according to:

2 N&N},[s} - 2 Nﬂ{s] + 3 NE{:]'
a) 3.36 b) 4.20 c) 5.04 d) 1.68 ¢)6.72

The correct answer is (d)

Solution:
m 3.25
n,. = = =0.05 mol
MO Mw 65
2 mol of NaN; S i 3 mol of N,
0.05 mol of NalN; ey X mol of N>
oy = 0.075 mol

mE) T -27°C =300°C

= 836torfx latm = 1.1 atm
760 torf

V = oRT mep v-"RT
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0.075 x 0.0821 x 300°K

1.1
= 1.68 L

V=
A%

Question:

Gaseous C;Hy reacts with O, accordin I
i g to the following

CH,,+ 30, — ZCE}”E; +2H,0,,

What volume of oxygen at STP is needed to react with
0.732 mol of C;H4?

)450L  b)336L ¢)10IL d)672L ¢ 49.2L

The correct answer is (e)

Solution:
1 mol of CaHy —  3molof®
0.732 mol of CoHa — X molof Oy
ng, =2.196 mol
STP=T=273°K P=1atm
PV=nRT
1 xV=2.196 x0.0821 x 273
V=4922 1.

Question:

C and 836

2 duced at 27°
f H..'[L} pro lfl'ﬁﬂgl'lln‘ﬂi}

e volume 0 1
Calculate th 0 g NaN; (molar mass =

torr upon reaction of 13
according to:
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2 NﬂN}.{;J —» 2 Nag + 3 NZ{E}
a) 3.36 b) 4.48 0504  d)6.17

The correct answer is (d)

Solution:
T = 27°C = 300%
T P YR
760
N = = = —==0.2 mol
o Mw 65

459 3 gall Alilaadl (ya
gz mol of NaN; =i 3 mol of N;

0.2 mol of NaN; we— X '
ny = 0.3 mol

nRT
P

PV = nRT =——» V=

lj b |
V= 0.3 x 0.0821 = 500 —67L

[.1
Question: E/\/’ A%’

Ammonium nitrite (MW = 64.0) undergoes decomposition to
produce only gases according to.

NHiNO;() s——— Nag) + 2 HaOy

d_,;}.-"-j:n-"‘ ":a-—___'
How many liters (L) of gases Tmmduccd by the

decomposifion of 20. 0 g 0 NO» at 525 °C and 1.5 atm?.

—— .

i
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Il} 49 h) 57 c) 66
} 41 e) 32

The correct answer js (d)

Solution:
_ m 20
Dynno, = M_w_ = a =0.313 mol
I mol of N "
H.NO; "_>'_<'—l" 1 mol of N,
0.313 mol of NH;NO, il X
‘ nn, =0.313,
T = 525°C
= 325+4+273 =798 k°
PV = nRT
N, nRT
? P
0.31 .
T 3}{{}105321}{?93:13,55[.
1 mol of NHsNO: YF 2 mol of H,O
0.313 mol of NHiNQO; —p %
nHo=2x02313
- = (0.625 mol
PV = nRT
Vv nRT _ 0.625 = 0.0821 x 798
Mo P 1.5
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= 27298 L

- anlal

Voo T V.
27.298 + 13.65 = 4095 L
=41L

N

Question:

What volume of O-. at 1 atm and 0 °C, is required for the
complete combustion of 4.5 L of C;Hg at STP?

ECH{,""’TD-J T 4CG3+5H'J
r Y gL b.'15.8 mL

c. 15.8L d. 1.29mL
The correct answer is (c)
Example:

A sample of methane gas having a volume of 2.80 L at 25
C? and 1.65 atm was mixed with a sample of oxygen gas
having a volume of 35 L at 31 C® and 1.25 atm. The mixture
was then ignited to form carbon dioxide (CO;) and water
(H20), calculate the volume of CO, formed at a pressure of
2.50 atm and a temperature of 125 C°,
CH ) #05) = €Oy, AH, 0,

1.65 Laiay 25 C% 5ha 4y e 28 L paan Ll e e Tee
423 2ie 3.5 L oa pra lBG aanSsV) 5E (e Ale pe bk atm
3l G 388 a8ys w5 dalall ¢ 125 atm kicay 31 C° g
2.5 hiin a3l COz paa cnal (H0) ¢lay (COy) ysassh

250" 3_}1;# i-q.J.lj atm
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Solution:

= . Hlediay Wslag) L L
o 1g) > CDH” +2H. 0O
. V=351 L
P=1.65 atm P=1.25atm :j;; tm
- &Ja

T = - o
25 C°=298K° T= 31C°=304K°> T= 125 C° =398 K°

Slpall o il o
Limiting Reactant" s1a.lll Geladl 3323 Cuay 1A (2 L))

1) moles of CH,
PV=nRT
1.65x2.8=nx0.0821 x 298

= ng,, =0.189 mol

0.189 PR i
=% —0.189
t (LR)
2) moles of O3
PV=nRT

1.25 x 35 = n x 0.0821 x 304
= T =1.75

1.75 _0.875
2
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| mol of CH, - 1 mol of CO-
0.189 mol of CHy4 — X mol of CO,
= ng, =0.189

PV=nRT

2.5xV=0.189 x 0.0821 x 398
=>V=247L

dgijadl Jaghadall O gilla 538

Dalton's Law of Partial Pressures:
Sillall bl b e ol Eaen (Gl HL fe Ladad MK daz )
il 13) 35,K4)

P =P +P, +P. +...

P;

.« — Tlotal pressure or  atmospheric pressure

(ASH Lazaall) (@l Laall)
P4 = Partial pressure of gas A.
A Sl el Ll

Sl i W 0085 of gl PP, P w
i-.-:h-__j-.l_g {V}f)_"ha." (e L.q.l L_l_,j:l.hi.nl:._“_l ;J_H}Aj" L'..I.hLul e ®
(T) absd

Example:

46 L Heat25C%and l atmand 12 L O, at 25 C° and | atm we
pumped 1nto a tank with a volume of 5 L. Calculate the partial
pressure of each gas and the total pressure in the tank at 25 C°?
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12L,4 1 atm L. -

" ey D500 Byl s s He apledl 52 o 46

' - B e s L

Lg—'h-.-.aqa-ll EETI]-L-'--‘JQS Cnijha;:;ﬁinwuﬂ:h’rﬂh )
: : I (a

Jdaly A baally sl g ol Ll ()

5 L*—%:.;.L:.J

§25 e ;J.IJ"" 1-1_'}.‘1- dic il:‘-_,“

He
T O, Tank
i P=1atm P=2?
V=46L V=12L VS
I=25C° T=25C° T=25C°

-" hl' » L %
J:'l z "_—I-ﬂ_’]i ;.Li:._,]l d_‘;l.‘.’l PH{ i Pﬂ; t_lLu.‘h..l r__,i:! I-._I_’u.- o
a3 Glay i Luld A0 g Lyl (S Aatshaliiap of Ly @
cdall a3l
(0l ST Py, V)) ciladl S waall suagll g (Tank) eleyll o

1] FH&

I::"l“'lu':l'] =P, V>

1 x46=Pyx 35

— P,=9.3atm "partial pressure of He"
2) P,

P[V| = PEVE

| x 12=P2x5
P, = 2.4 atm "partial pressure of 02"

3) Prow = Pue + Py,
—-93+24=11.7atm
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Question:

A 50 mL of oxygen at 25 °C and 120 torr and a 100 mL
sample of nitrogen at 25 °C and 160 torr both placed in a
200 mL flask at 25 °C. What is the final pressure (in torr) in

the flask?
a. 250

c. 280

b. 110
d. 140

The correct answer is (b)

Toal

(R Tl (ciany 5%)

X a = mole fraction of A "unit less'

n, = moles of A "mole"

n.,= lotal no. of moles "moles"

P

A

X, =
* P‘lma]

(1=2X,=0)

-

Ps= Partial pressure of A
Prowl = total pressure "atmospheric pressure”
P X —

—

89
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Solution:
Fo, =156 torr Prow = 743 torr
X, =77
P 156
Xo, =2 =-——"=02]
PR 743
Example:

The mole fraction of nitrogen in the air is 0.7808, calculate
the partial pressure of Nz in air when the atmospheric

pressure is 760 torr?
il el 60.7808 (ol elalls (N2) Coomapal SLad 3yl 30

€760 torr J liglue gall Jiuall 0% Lovie: clyells coma ] 500

Solution:
Prow = 760 torr

a0



Py
0.7808 = —-
760
= P, =593 torr
Question: F"‘F

CH; and H2 were mixed together at 730 torr and 35 °C. If

the partial pressure of H; is 330 torr, What is the mole

fraction of CH.? Bra: 30 oed W,
@LAE—F;)JMH "-""E"-""“'S'J"'lj

2. 0.526 b. 0.434

c. 0.548 d. 0.452

The correct answer is (c)

Question:

A vessel contains 3.5 moles Ne and 2.0 moles N and 3.0 moles
of CH,. It has a total pressure of 1000 mmHg. What is the

partial pressure (in atm) of CHs in the vessel?

a)0.46  b)0.58 035  d)2.53 ) 0.53

The correct answer is (a)

Solution:
:-'{L"H. e Il cu: = 3
New + N + N 3¥<35+2
= (0,353
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Per, =N x

PT{:—H’I
= 0.353 x 1000 = 353 mm Hg
‘ Pen. = 353 =0464 am
760
Question:
A mixture of 1.50 mol Ar and 3.50 mol CO; has a total
pcrgssure of 3.40 atm. Calculate the partial pressure (atm) of
a) 1.02 l_::j 2.38 ¢) 3.50 d) 4.90

The correct answer is (b)

Solution:
Keew = e = 3.5 =47
Nco, + Nar 1.5+ 3.5

Pew =Kc X Prow
=07 x 3.4 =238 atm.

Question:

A gas mixture contains 0.800 g H, and 2.80 g N.. If the total
pressure exerted by this mixture 1s 60.0 atm, then the partial
pressure of H; gas (in atm) is: (molar masses: H; = 2.00
g/mol; N, = 28.0g/mol)

a) 16.0 b) 24.0 c) 32.0 d) 40.0 €) 48.0

i
The correct answer is (e)

02



Solution:

m, =0.8 g m, =28¢g
P,., =60 atm
M, =2 g/mol M, =28 g/mol
n, = 8 sl
M, 2
n, :Eﬂll mol
i 23
K= By, . _ 04 ~0.8
ong +n, 04401
P P
Xy =—+=08=—=2
P 60
= P, =48 atm
Question: (v'

A 4.00 L flask was filled with a mixure of equimolar
amounts of nitrogen gas, and an unknown gas at 27°C and
1.00 atm. The mixture had a mass of 10.0 g. Calculate the
n\\. é-ﬂ"_"'_"' ——

% molar mass of the unknown gas? B

a) 169 g/mol b) 218 g/mol c) 192 g/mol
d) 120 g/mol  €) 95.2 g/mol

The correct answer is (e)

Solution:
‘v"_=4L T=27°C=300°K
PTma] =1 atm Mo = 10 g

Q3



PTNV = Ny, R T

1 =
x 4 N7y, x 0.0821 % 300

Ny, =n '_:11_'!91_,__[}-]624
= 2 5 =0.0812

= =nx
m,, nxM_ =0.0812 %28 =227 g

0.0812 2%3 M, =95.15 g/mol

Question:
Which gas will effuse faster, ammonia or carbon dioxide?

0X1 b. Ammonia
_ Carbon dioxide
i Both have same rate d. Non of the above

The correct answer is (D)

H.:;aﬁ’jﬁ;,.‘ o L P &
Question: CO3, Oz and N; are in a 10.0 L container at
Three gases A ti;rl'- [f the mass of CO; is 8.00 g and that of
30.0°C and 80 hen what is the mass of N> (in g)? (MM of
0, 18 6.000 f’ ll ﬂzf;jz.ﬂ g/mol, N; = 28.0 g/mol).
3 i 1[] E l"ﬂU 1
CO,= 44
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a. 1.51 b33
c. 2.80 d. 0.86

The correct answer is (a)

eLall c.hn.u &35 Jull &m"
Gas Collection over water surface

sl Lasdal Fdas Aana 3385 cle Liall e Al Cllell guend dde

Aajladl

o3h paeals aghh Cigas AL (AL (0S5 elally il 2adld o ales LS,

Bl e 20y ABS 00a5 Leiey celall mhai (358 Sl

llla ¢5pSan S Gylys A (gl e i slall ol pylea 58 LS @
Al el 13y paaiall Glall aa olall medaus (358

PTnT.lI L Pg:l.s +1}ill;| Jﬁ":l':"fh LJL;"‘!L' 3 rl;fm ffL":‘

phall 40 Lo

rllll ¢ Sude
AN Jaall gaal 4 5 5 A 1l

1) Gas collected over water surface

2) Gas collected by displacement of water

eLall dal 3L Slall aend
3) Vapor pressure Jsdl o el Ll Aad clae ]
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=
for Torar — P

Bl il L L s gl 4
. a0 (Pe) Ml bz ol sy
Example: ‘T

KClOs decomposed by the following reaction

EKCH]”'} i EKCIEJ_ * 3{}1{;]

The oxygen produced was collected displace

Waher Mt 22 C°, at a total pressure of 754 torr the volume of
the gas collected was 0.65 L, and the vapor pressure of
water at 22 C° i5 21 torr, calculate the parﬁsﬁ pressure of O
in the gas collected and the mass of KCIO; (Mw= 1226
g/mol) in the sample that was decomposed?

alolaall 53 o Sl KCIO;

2KCIO,, — 2KCl, +30,

22 C° 3)a days aie elall plase (358 4aani o3 ilill a1 Sle
.L&.L;gj¢0_65L_,,.ad..=zq&f-5;§ﬂ‘l Sl pxa ¢ 754 torr IS daiiay
g = = 5 L‘l..l

A B 121 torr sa 22 C° gl dap die oLl sy
JTJ.}J‘J:.-_-.&“!__J--Q ‘ i i
e35Saall KCIO; b8y 4npead &5 g3l Sl O;

Solution:
P i 2] toIT PT{.[“] = 754 torr
T+
T=25C“=295 K°®

V=065L

P. =97 My, = 77

o, —

M =122.6 ge’mﬂl

w K00,

Qb



Pra= PD: + Pn:n
754 = PD: + 21
= P, =733 torr = 0.964 atm

=PV=nRT

0.964 x 0.65=nx 0.0821 x 295

=>n =2.59 x 10" mol

3 mol of O —» 2 mol of KCIlO;
2.59x10% mol of O, 3 X mol of KCIO;
= n,,, =173x107 mol

—m=nxMy=1.73x10%2x1226=2.12¢

Question:

A sample of hydrogen gas was collected over water at
21.0°C and 685.0 mmHg. The volume of the container
where the gas was collected is 7.80 L. calculate the mass of

Hyg collected. (Molar mass of H,=2.02 g/mol; vapor
pressure of water = 18.6 mmHg at 21°C)

a. 0672 g b. 0427 g c. 0.566 g
d.0.205 g e.0314 g

The correct answer is (c)
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Solution:
P Total = P + PH .0

685 = PH + 18.6
Py, = 6664mmHg = 0.877 atm
Doyl s
mfﬁf-d Qs wadi () G kgl Sl (m) Al sl
Mw = ——
PV
_mx 0.0821 x (21+ 273)
0877 x 7.8
=0.566 g
Question.:

A sample of a gas 1s collected over H20 at 25 °C. After

leveling the water, the volume of the gas was found to be
180 mL. If the atmospheric pressure is 740 torr, what is the
volume of the gas at STP? (P 120 = 24 torr 25 °C).

b. 161 mL
d. 155mL

a. 22.4 mL
c. 185 mL

The correct answer is (d)

08



byl A 4k
Kinetic Molecular theory (KMT)
el Sl pailiady Slia i o kil o3a g

I- The particles are so small compared with the distances
between them that the volume of the individual particles
can be assumed to be negligible (zero).

2- The particles are in constant motion. The collisions of
the particles with the walls of the container are the cause
of the pressure exerted by the gas.

3- The particles are assumed to exert no forces on each
other; they are assumed neither to attract nor to repel
each other.

4- The average kinetic energy of a collection of gas
particles 1s assumed fo be directly proportional to the
Kelvin temperature of the gas.

cliiall o3a (o ABlisell pa d5)Rall baa e Glall Clljs s (1
e i3 "zer0” ile = Cliall sda aaa ol jlie) audag Gl
SL paa e S sl Ll as SR (sl L aas
c Pt ) Py G

L)l phaally lissall g pabaail Gpdie A5a 3 ciliiall (2
a1 b i L ga oleyll

On ilad Yy JB Y Gl Gllga Aol (g8 aap Y 4l 8 (3
Sl dia o Gl (sl lais e Ba) "elyall s
P Y Py PO I i e B ksl

Q9



'"Kaih Y T T
17 Julﬂ.iﬁ"-'-:-ﬁ

(KE)WE ='§‘ RT

(KE), = average kines:

e ge kinetic eper

- gy () "iSaim =
R = gas constant (8.314 J/mo] ko S
T = temperature (K?) L

Question:

Calculate average Kinetic energy for oxygen gas at 25C°?

25C° (ols pha Loy 2o (a1 ) Al G b Cual

Solution:
T=25C°+273 =298 °k

= (KE)avg = gm
? 8.314x298 = 3.716x10° K

=—X

2
=13.716K.J
g-l:'L"' C..'a.ﬁ...u agllll bLlasll ,_1_14:. Alae Yyl

peed) of gaer = density T=
siony = Ideality A

1) Mw T = velocity (ors
(Altal)

Rate of effusion OR diffu
(! S Ghadl Jana)
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L il 03 o gExample e (ol Wl e muas Al Gy LI (2
Lot 0150 S
A) Low Pressure (Lratiie lais)

B) High Temperature (i )l 4s.)))

Question:

At the same T and P, the incorrect statement is:

a) CH, gas behaves more ideally than C,Hjs gas.

b) SOs; gas has a higher average kinetic energy that SO,
gas.

¢) H; gas has a higher average speed than He gas.

d) The density of Cl, gas is greater than that of F gas.
e) Ne gas diffuses faster than Ar gas.

The correct answer is (b)

Solution:

Because average kinetic energy of the gas depends only on
lemperature

Ouestion:

Which statement is not correct (false)?
a) The molecules of an ideal gas are relatively far apart.

b) The average kinetic energies of molecules from

samples of different “ideal™ gases is the same at the
same lemperature,
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¢) Molecules of a

£as un w
other and with dergo many collisions with each

the container walls.

temperature.

e) All molecules of an ideal gas have the same kinetic
€nergy at constant temperature.

The correct answer is (e)

Question:
Which of the following is the true statement?

a) A gas that obeys Boyle's law i1s a real gas.

b) At the same temperature lighter molecules have a
higher average velocity than heavier molecules.

c) Effusion and diffusion are the same process.

d) Real gases deviate from ideal behavior at high

temperatures and low pressures.

¢) Temperature is a measure of the total energy of an object.

The correct answer is (b)

Question: | |
t which a certain gas will behave ideally

The conditions
would be:
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Pt Wl cpee e Led e P S PRV
a) high T and high P
b) low T and high P
c) high T and low P.
d) low T and low P
e) low T and high V

The correct answer is (c)

Question:

Gases behave more ideally, (i.e., tend to obey the laws of
gases) at:

a) high P, low T.
b) low P, high T.
c) high P, high T.
d) lowP, low T

e) non of the above

The correct answer is (b)

Question:

Which of the following is true about the kinetic
molecular theory?

a) Adding an ideal gas to a closed container will cause an
increase in temperature.
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b) The volume of a gas particle is considered to be small —
about 0.10 mL.

c) Pressure is due to the collisions of the gas particles
with the walls of the container.

d) Gas particles repel each other, but do not attract one
another.

e) None of the above.

The correct answer is (¢)

Question:
Which statements is not correct (false)?
a) The molecules of an ideal gas are relatively far apart.

b) The average kinetic energies of molecules from

samples of different "ideal" gases is the same at the

gsame temperature.

c) Molecules of a gas undergo many collisions with each
other and with the container walls.

d) Molecules of greater masses have a lower average
speed than those of smaller masses at the same

temperature.

e) All molecules of an ideal
t temperature.

gas have the same kinetic

energy at constan
' The correct answer is (e)
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Question:

If a liter of COy, is compared to a liter of Hy(,) at the same

temperature and pressure then, assuming ideal behaviours,

the correct answer is:

a) CO; and H; molecules have the same average velocity,

b) There are more CO; molecules than H> molecules.

c¢) | Average kinetic energy of the CO: molecules 1s equal
to that of H; molecules.

d) The mass of one liter CO, equals the mass of one
liter Ha.

€) None of the above is true.

The correct answer is (c)

Solution:
Under same conditions n,, =n,

s pull papa bgia jda
Root Mean Square Velocity (Jirms)

& baaley My Tusall ZES LS o e 51 il Ao ol

Sphall dap
N ELY
1R M

LD&N, P ‘\(‘)éyi? 105
N R {lﬁ f



Hms = TOOt mean square velocity (m/s)
R = gas constant (8,314 J/mol Ko

T= Temperamre (Kn) @
M., = Molar mass (kg/mol)
MW disad Bdee G oty Y e

e OPE A2l 2l Capu @
(e Be AL elaal il o0 ) kg/mol « g/mol ¢

o 3RT

N M, x107°

Example:

Calculate the ea velocity for the atoms in a

sample of helium (He) gas at 25 C®?
sie (He) ayabiedl Sle bl o ddand Aol gpe Jaagia Hia sl
725 C° pba 40

Mw = 4 g/mol « @l dpall o
T=25C°=298K°

B IRT
— Hew Ty M_ x107

_ [3x8.314x 298 _ 1 36x10" m/s
B 4:-:1{1_}_"_

r._-HL']I' Lljj'm‘ L.l'h'-' .'r\.-:lt-lfh

speed of molecule 4 « T Mw
(egrad) desm)
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Example:

M. = He > N, = 0, = CO-

Mw= 2 4 28 32 44
Z
M
= speed T
Example:

Calculate the root mean square velocity (Ums) (in mvs) of

NO molecules in a sample of CO; gas at 27.0 C°. [molar

mass of NO = 30.0 g/mol]. \ \¢ *
a) 342 b) 291 c) 412 d) 517 e) 499

Solution:
B oy =77 M, . =30.0 g/mol
T=27°C=300°K
i = 3RT
™ M, x107
Ix8.314x300
= =499 4
\/ 30x10° 55
NO & deju (Je 55 d COp jle agay daadls ®
Example:

Calculate the root mean square velocity ( Hms) of Fa

molecules in a sample of F, gas at 27.0°C (in m/s). (molar
mass of F» = 38.0g/mol)

107

P R



Solution:

o \/M x 1072

_ [3x8.314x300
J 3811[)—3 =443?5 mls

M., = 38 g/mol

Question:

Which of the following statements is not correct?
e A S T
a. real gases behave as ideal gases at very lnw pressure.
b. culhsmns between ideal gas molecules are , elastic.

¢. Different gases have different u (rms) at the same

temperature.

d. as temperature is increased, u (rms) increases for all

gases at the same conditions.
H, (molar mass=2.0 g/mol) has higher average
(molar mass=44.0) at 298 K.

c.

kinetic energy than CO2

The correct answer is (e)
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Effusion and Diffusion JhaGiNlg ahaal)

(Effusion) (380 (Diffusion) sy

wioall G Sl Jlal S e Liaall udi cuas LAYY 5 @

kil duiuall ) ai)al chay dinay @
3 e g Liaay @ :Example
:Example shadl a3l Ll

Ol (A s

"Effusion” G3sll aie 3B jpaey Wisa (980 Cige @

Rate of effusion for gasl = M, 2
Rate of effusion forgas2 Y M,1

gty Aanathy gyl DB Lo 31 854

Example:

Calculate the ratio of effusion rates of hydrogen gas (Hz)
and Uranium hexa Flouride UF,?

Solution:

—

ot b A Sl 000G Wl K ey Jadly 0K ) S0 e
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Question:

CsHjo gas (molar mass = 58.0
0.660mL/min. Calculate the r
(molar mass

g/mol) effuses at a rate of

d ate of effusion of N, gas
= 28.0 g/mol) under the same conditions.

a) 0.345  b)0.691  ¢)0.180 d)0.950 ¢)0.460

The correct answer is (d)

Solution:

Rate of N, _
Rate of C,H,, M, .

X 58

—

066 V28
X = 0.95

- CgHyp

Question:

An unknown gas cffuse
Calculate the molar mass (

¢ 2 times faster than CiHs(g).
g/mol) of the unknown gas.

2) 30 b) 24 ey i

The correct answer is (d)
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Solution:

Rate of X _ M_(CH,)
Rate of CH, M, (x)
2= -
MWH".}
4= o
Mw[i]
) M- 211 g/mol
4
Question:

Which of the following molecules have the lowest rate of
effusion at 25°C7?
i:'l} Nz I}:I C]g C) Hg d) ﬂ!

e) all have the same rate

The correct answer is (b)

Solution:

(A0 ey (B 4 0365 M, L alby (g3
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Question:

The time required for the effusion of 1.00 L of O, from a
vessel was 55.0 min., and under same conditions the time
required for the effusion of 1.00 L of an unknown gas is
100.0 min. Calculate the molar mass of the unknown gas
(in g/mol). Molar mass of O, is 32.0g/mol.

a) 20.0 b) 60.0 c) 76.4 d) 40.0 e) 106

The correct answer is (e)

Solution:

volume 1 ;
= =—=0.0182L/min
Rate of O e %
1 ;
Rate of Unknown gas) = 100" 0.01 L/min

Rate of O, gas _ Eilu.

= Rate ﬂf X gas M""mzr

00182 _ [Muy

0.01 32 _
I*"'. | A |;.¢Ilﬁ-1n.- E:-Ei)h'“ ':é.u.t.l
M"’l-‘t!
3.306 = 1

= Mot = 105.79
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Question:

At certain temperature and pressure, helium (He) effuses at
a rate 61.0 L\min. At same condition an unknown gas
effuses at a rate of 18.4 L/min. Calculate the molar mass of
the unknown gas. (Atomic weight for He = 4.00).

5 300

b. 44.0 c. 70.8 d. 20.0 e 38.1

Rateof He
Rateof x
61 _ M, ()
184 4

SM,(x)= 441 g/mol

Question:
Which of the following is a wrong statement?

a) At the same temperature molecules of a gas with low molar
mass have higher average veiﬂ_city'ﬂlan heavier molecules.

b) Average kinetic energy depends nnl_y; on temperature.

¢) CO; effuses faster than Na, at STP,

d) H, gas behaves more ideally than CO; gas.

€) Real gases behaves as ideal gases at low pressure and

high temperature.
Fal

The correct answer (c)
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Question:

e) NF[E; molecules have less average kinetic energy than
.¢" CEZ[E] at STP.

’ The correct answer (e)

Real gas griuiad) Sl

(V) pasly (P) liwally sExampled Sl co hiall Sall ik,

[deal gas P VenRI

1
Real gas (FH{UJ J I: J

. 1A % J-lm‘:ulﬁl}'h ﬂ"h .
?J:n.-l--ljl JL‘-‘ E}‘ u-h:'- I I . .
) HE P idslaall sda o 3lhayy

(Van der waal
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’ﬂm*h’] L)
Gas Lmui] - mol

N H: 0.034 0.0237
A -.,.. 0.211 00171
3 .-.,r 1.34 00322
“ kr 232 (LO39E
7 Xe 419 L0266
. H, 0.244 0 0266
Mo L 0.0391
A O 1.36 00318
o 6.49 00362
e o, 159 00327
U oH, 2.25 00428
W 00, 20.4 0138
\¢  NH, 117 0.0371

L HO 546 00305

232 013 dlgedl s o) jee i il 2oL il Jeally cilslbiad
ot i _J.UI
1) Real gas {qi;.i.-..u Jladl)
Question:

Calculate the pressure (in atm) for 6.00 mol of Ny in a 1.00
L at 25.0 C° using van der Waals equation.

a)47.5 b) 142 c) 24.0 d) 117 e) 93.7
The correct answer is (b)
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Solution:
n =6 mol V=1L

a=1.39 atm L? mol2 T=25C°= 208 °K

h = [}0391 1. mﬂl‘l

)

n
P+EF]E(V"H]!]):HRT

(6)

P+1.39x>22
P X (1)1}‘?(1-(ﬁxﬂ:GSQI))=ﬁx{}.[i321:v::E_E'E

P =141.75 atm

e %’K’E“’"““ X ?gjgj: 46 .19

fﬁf/éjg N iq,{%lgi =

- )
Calyall go Jual i
07953{]6216

S B

- U\No&
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Chapter: Three

Intermolecular forces,
liquids and Solids

aliall Gu @iladll (58
Tlally ALl Allalls
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Chapter Three
Intermolecular forces, liquids and solids
Llall g dbilud) allall g LJLU_)A-“'QJ-IHJM'I TRC

E._=-=g=#=ﬂ=-= - —
Intermolecular Forces | '—-Lu)-'dl O -'--I.!b..;ﬂ s 58

Leie giiny s lamn LibiesSll bl Bays (A ol (A
Aubeally 2Ly L5l (States of Matter) <ol salall <ila
by il Qilasl (68 e plail 306 Ll aag
.(Hydrogen Bonding) 4sus s uell aabll (1
.(Dipol-Dipol interaction) wakill AUl dlasll 1_2’
."London Forces" il g8 (3

Hydrogen ;unding A 5 pagd) Adayl M1 (1

e

(N, O, F) Jull <l (saals Camgpnael) 53 Bl 2z asy
- Sligall o Ll el gl a (gl 030 oS
Example:
H;0, HF, NH;, CH;0H, CH;CO,H, ...

—
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Example:
CH;—D-CH;, N(CHa.}j,‘, CH]."D'CHJ, H-S, PHa.....

_ﬂsm____—————__
London Forces oul 538 (3

Gl iy Apheill Sl gaes o sl 538 dags
)l 35all Y (non Polar) dubill j2 clujall A\
OAA eegrall Jals adige Lias 0S5 Adlaial e Bedll 038 7y

ony 1 wngd Gl izl oo e 230 Ll 4 Ly 1SS iﬁf
. o0l

aigs LSl
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51" e

——

-r.-.' / .--\.'-\.

7 Example: .
- CH., BCls, BeFy, €Oy, CCly, cvvvvvvvinves

Zh lagy 101 elaa sala 5 (Polarity) Lubdl 53 35, 4
ALt aa gl 10] ebasSd playl P la US B 1) Lo,
L pall Abid Apne Jyguadd aetill pans Ua S0l Lt
X Syl O3S Agglitia Auialt 5yl Dl A paan o83 1Y ]
e -(Polar) ks

W Example:
L_a CH:Cl, BeF,, Cl-Be-F, -..c..oins

1
&#e\@m el 5l sl b puea calS 13 2

iy S e b gly A 83 3 S5 30 eSS By (A
e O Ve =Sl 30 3 (
-[Pﬂlal‘LHiLi ¢= {Lone Pairofe’s)

. Example: -
HE'S,'HCIL |5 P10 T l:_:)
=
rD ‘? & u‘dﬂlwﬁdﬁntmti_ﬁluhﬁh}d1 Al oS A 18 (B
}‘ a -(Non Polar) .13

*- Example:
CH41 BC[!: BEFL e T e

W s
)

121 )
2

2

¥



Example:

-H bonds i
:‘23 O S In one water molecule can be characterized
a) Intramolecular forces,
b) Intermolecular forces.
c¢) London dispersion forces.
d) Hydrogen bonds.
e) Dipole - dipole forces.

Solution:
(a) Intramolecular forces

cilisgal Gz oy eigiadl Jals b

'Ll.'ll

hh £ O OS oe (1553 Syl OIS 1 (Rgguand SISl als)
.(non Polar) Uﬂas BT ._U.ﬂl (e Lo

Example:
CCls, COL CEHE, CoF4, coererannnare
a8y o raSas aSaall S 1Y 4
3=l ¢ ‘a—*;ﬁijuyﬁuﬂuﬁ'ﬂ.
T .(polar)
Example: |
CH, p—n CH,, (CH, ),N, CH,Br.....-
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nt) el Sla G Sa Al A

. Jil gll (Boiling poO! 2

Laall alajl LS
olalall A ays o calyyl cllsyadl O - Ay
.(Vapor Pressure) il bl i (Boiling point)

cade blis S DA e i-'ulinli S
e

Al (Inter Molecular Fﬂr-:es} .L-.uﬂ 1_535 Gies Ol (]

Hydrogen Bnndmg > Dlpul DIETI.'}E = i,ondmh

WE‘.—)‘&

Example:
CH;CHZDH > (CH3-O-CH;
H-Bonding Dipol-Dipol

(My) Fudgall b€l ) ass cAaad Il (geall Caglis 13) (2
M.T = BpT
sl ) aaes Al ABSH (e juad gl DS Gy F

EX{IITIPIE-: T ™
CH;CH:CH;CH; > CH;CH;,

Lﬂﬂdﬂﬂu ] ~ London 1
40y v (2C) -

18 SR T S B M P TS T bl (gpill gl 1) (3
Branching T = B. p

o

"" -



Example:
CH}CHICHECHJ:QH > CH;-C-OH;

H-Bonding H‘Bﬂnding
(4C) 60
ot s 5

Example:

CH,

CH,CH,CH,CH:OH > CH;—C — OH

CH,
H-Bonding H'B““E'EE
AT 4C i
gadl ) R

Example: | =

CH;

o CHy— —CHJOH }CH:iCHIEHICHJﬂ:-H = CHy—CH— CH,OH

HGCH;CH:[% 3 1 —

CH; |

. _ H-Bonding 1 H;Bﬂnfﬁng 1 H:!E:;dmg

Dt e T 4O i

'k/ A/ BpT

T
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I'II

Example:
For which molecule in each of the following pairs would

yﬁ-u cxpect greater Bc}iling ]::ﬂmt‘?
-.—-nﬁ—ﬂ-il

HaNCH:CHa@ .
' 'l'r.f’_. = rigi

a) CH;CH‘JCH-JN -

e | | sl
} H:NCH,CH,NHy’ > CH,CH,CH;NH,
2 H-Bonding .1 H-Bonding
b) CH,CO > CH;CH;
London

Dipol-Dipol
¢) CH;OH > "H,CO
pnl Drpn

H-Bonding
d) H=Br & ¢
Dip‘cinif:[}ipﬂl i\j
_/ |

— S Mw
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Example:

Which of the following sho Id -
boiling point. E “/@T-H}E highest normal
_a)BChy b)Bn ([

— i, - b
T - o =

The correct answer is (c)

Solution:

WO (g58 RS b (HO) hae Lo ol 8 s Syl O o
" Liﬂipnl—ﬂipn} il

Example:
Which of the following compounds IS__\Epﬂﬂﬂd to have the

hlghas‘t normal boiling point? _
- —~a) CH;-O-CHs aﬁ)rﬁ_ami% ¢)CH %dml e
o oS
L 7
Solution:
(b) CH,CH;OH
Adaty padlly g el bial)
sure and Changes of State

vl Sy o ladl I..F:_'_ijﬁ"“ ] B Y -:1..-...-1 L'_lu"ﬂ _J_S-.'Lﬁ - P *
ik e

e e (Aulaly Bally
gas (evaporation)

-
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2) Gas —
3) Lignid ———>
4) Sohd —
5) Sohd —
6) Gas —_—

i
|
LN 9
P B The
T
X 1
i .
s Ik
| |
o'

liquid
solid
Liquid

gas

solid

aif

(condensation)
- ls-

(freezing)

et
(fusion)
Dleail
(Sublimation)
I;nL.‘J
(deposition)

o~y



H,O > CHjCHEDH s CHJ'D-CH3

B.pT = Vapor Pressyre l

1335 3had) Loy Sty LS 50, oy 2
333 phadl daa Sl LS %)l a0 gl e Al Goasy # r%é

"-:.E-’la-"“ -Ll-i.l.::ll .1.1_1}5 Lﬂl:'h_, _Jl'i'-.'n il
T1 ——— Vapor Pressure t

Example:

The process represented by the equation ’Haigf—r Ha{g*;ﬁis:
a) fusion . . melting “¢) liquification
d) condensation sublimation

e

The correct answer is (e) e

Example:

Which of the following, would be expected to have the

lowest heat of vaporization?
a) HO b) NH; ¢) PH; d) AsH;  e) SbH,

The correct answer i; () '/

]
| Erersyneeded | s Enerzy wesded
4 b ¥ 3 [e) (T
4 1 NI R s
s E : 43 CHT
: . 33 .
zZ2 l_i'I[L"H'II1|||.'..|.:|1..I.I' 2z s B
S I, foeoes n ligid ZE |
i 1 P 3 I
25 i o l |
En g |
3 ] N i
e ———
s e
" 2= ihi Fonchl Snergh
&l Kot caryh IIII
_,_.———'_"_'__ s
___'___-—-—-_'_-_



il 138 paiiss phall Aoy @l Jebuall (o A pai

~AH (1) e
Ln(P. )= R T +

P..,= Vapor Pressure

AH,.,= Enthalpy of Vaporization (J/mol or KJ/mol)
(Ll g3 o 2dias Al t"-ﬁj) Jaall 28l 5500

-

R = gas constant (8.314 J/mol °K)
3 Sl ety

T =Temperature  (°K)

C = Constant —all

Al (T, Ta) cnsibie sjha Says ate Bl Wal 0% Ltiey #

(Th B 3y 2o (gl Lial))

Py = Vapor Pressure at T) —___ o Ll 0 o e

P; = Vapor Pressure at T, _—-...atm or torr) sas,ll

Aiuliie Lagilasy (4S5 s R AH
8314 J/mol’K <= AH.upx1000= J/mol

- ] — = ~:- i T T

Ti, Ta= (%K)



f water
heat of ‘Japﬂrizatign of Wat:rl if;‘; 15 23.8 torr and the

Cis 4
DfWatErat e 3.9 KJl/mol.

3hally 23.8 torr w25 °C ;
= ﬂ_}h‘ﬂ' :"-—'-‘L_']J i .p.\_q_u 4 -
@L:.__ﬁﬂ -.L'_.-.bﬂ
43.9 Kl/mol a 25 o¢ Dha o e (AH,pp) oLl asg)

50 °C Sl dapn e o Sl bl sl
— ‘ ‘
T=25C =208 .
I=50°C =
P1=23.8 torr P:=??D S

AHy.p = 43.9 KJ/mol
=43.9x10? J/mol

[pl) &Hm[l 1)
Laj == |= _
P, R \L 1

2338 _43.9:-:103( 11 J
nL p. 8.314 \323 298
(
Ll'l E =-—l 3? e
.-"'"|,.‘ Pz ¢
{
%ﬁ:anli Ln -1.37
2 |__4’| [,[l""sh‘lﬂ i—'-‘-"bjujn
23 0254
> e

= Pi= 93.79 torr

—— T
e
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Example _ _
Ina c:rtain mountain range, water boils at 91°C. What is the

A | N
atmospheric pressure under these conditions? (AH..;p[H,O]

44.0 kJ/mol)
a) 535 mmHg b) 575 mmHg ¢) 615 mmHg

d) 645 mmHg e) 685 mm
The correct answer is (a)

Solution:
(760 mmHg = 1 atm) _all s (g5iue o
(3?3 °K= 100 ﬂC} .[__-FJL-:I
= T, =100°C=373°K -
P, =760 mmHg
T;=91°C=1364 °K
P= 7?

LnPJZﬂHm 1_1
P R \T, T,

P, 44x10°( 1 1
760 8314 \373 364

Lo—2 =035
760

P" -
= —=—= i
260 anti Ln(-0.35)
P: s
760 =0.704
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Example:

a) 36.5 b)33.6

The correct answer is (e)

Solution:

Lol =2 (—l o
P, R kK T

Ty =63 °C=336°K
T2 =34.9 °C=307.9 °K
ID{] - J'_‘AHHP( 1 1 )

n = =
400 8.314\ 336 307.9
== ﬁHvap = 42433 ]J=4243k]

Change of State ANty il

(Heating Carver) il (aie oo La oY) i g
(Cooling as,all (iais pul 4dde e sl ugSae iniall aa oIS 13,
.Curve)

]
Ll Hream =

120 i Wk arer il slearm [
o | -

Hk — 1 11Ty ]

Twigeralee | 1




/1

5)ha gjﬁm{icﬂ}@ﬂbﬁ-ﬂcﬁiﬁ%?ﬁﬁj‘“ﬁ o3 4
(140°C) 3 Ayt 2o (steam) U2 ol doas O o1l (20°C)
il e of o pllay (Water —ice) o Jealgl bhall Loy #
JS cund ool g5 o adapall oda (B Al phall a0 A8 s
ade i Loy ola I (ice) 0 Jusadl cuad adl T3)hadl oda
J< 05855 ((Enthalpy of fusion AHps sleaitld 4ialsll 5))all
A e b L oy o] s (A ALl Bodall el 1
gl

3lall Ly (Steame~Water) (s dualsll Jadd) il uiidy
sia aiey . (Enthalpy of Vaporization AH,gp) ssall 4s.ldll
Gk L oy Zjtally AL sl g ol Ula elllia S 2l
.(Boiling Point) el a2 sl 4de

Example:

How much energy is needed to convert 86.0 grams of ice at
0.0°C to water at 75.0°C?

Specific heat of (ice) = 2.1 J/g.°C

Specific heat of (water) = 4.18 J/g.°C.

AHps = 5.99 kJ/mol

AHuup = 40.6 kl/mol

a)32.8k]  b)627kI ¢)55.6k] d)78.1k] e)41.3k]

The correct answer is (c)
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Solution:

m 86

n = e T

H,0

1) (0°C)ice — (0o water
ﬁH] - ;ﬁ.Hﬁ“
= 4.78%5.99 = 28.62 kJ
2) (0°C) water — (75 °C) water
AH; =S, x m x AT
=4.18 x 86 x (75 -0)
= 26961 J = 26.961 kJ
— :ﬁHTm = AH, + AH,
=28.92 + 26.961 = 55.58 kJ

%__
dals Gilatha,
“_—E__

1. Boiling Point (B.P) (ol 4s,9)

Temperature when the vapor pressure of liquid equal the
external pressure, or when we have equilibrium between
liquid and gas state.

el Lol Uyl Bl (glaall bauall 0% Latie Shall a3 4
Llal) Aladly AL Al G o dliia 5yS Lexie i

2. Normal Boiling Point: (bl gliid) 42,9
~ (External Pressure) )l bzl oS Gl cagpadll ks
.latm

3. Melting Point (m.p): () 4209

The Temperature when we have equilibrium betweem

solid and liquid states. -
AL Aalle dubeall Alall o o) lila OsS Lasie Bladl 450
' ! fee :
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Ll oy L sl Tiaall s AL (Bp) oLl as,
gl il Ans el ysdy 1343 cpldddl Ao Sl o lal
Slliall Lge sy (pmbiine (s b Lel) Ayl Bl
(are & Ba ld) sl
Lial yunlalen pla Y ¢ d(mp) Jlee=Yl inn L o
FPESIEY
4. Super Cooled:
A3 ey 2ol Zapd e B L s Ay L s AN A
ASlall U M g Yy Agand! s A5l i
Example:
Liquid water at -10C°

5. Super heated:
b ey Glalall Anjn e ST L 5)ha o Led (0655 P\ VIEN g
ASR Al ) Jpa Yy el Al Aol 20

Inter molecular Forces f = B.P.{ = Vapor pressure !

= LOHwp T = AHgs T = critical Temperature 1
= Vixcosity (4501 1
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Example:

Which of the g

intermolecular forces i

1) High critjc
2) Low vapor Pressyre

3) High boiling poins

4) Low heat of vapan‘.zati
5) High viscosity, i

"DWIHE indi{talgﬁ

a liquidy ® Presence
4 of w
al tempel‘ﬂiurﬂ_ Weak

The correct answer is (d)

Intermolecular forces 1 — AH,,, T

Example:

Which of the following indicates the existence of strong
intermolecular forces of attraction in a liquid?

a) A very low boiling point.

b) A very low viscosity.

c) A very low of vaporization.

d) A very low vapour pressure.

e) None of the above.

The correct answer is (d)

3 the highest
ir;mffz} i pollowing 88598 would have
ic
iti rature? dNH;  ©Ne
critical tempe ¢) CO

a) CH; b)O:

The correct answer 18 (d)

(Hydrogen bonding)
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Phase Diagram:

il
feud

g
b
wgh
-I
o
o
A
-
-
'

(TR

|00
Po= 00

() W READES ¥y 374
Tempersture (7C)

bl A (liquid) Bl a0 o Jaalill sl

(6
(m.p) Jleaiy! ia)s Sias (Solid)
el sy (liquid) Abludl a0l s Jaalill Lall (7

(B.P) gllall sy Jia (gas)

Tripte Point Al Adaidl
e e eeee— e ———
All the three state of matter "water" are present
0333y Aball s2a e 534apa (4S5 (Cabia ¢ Jilu o jle) salall c¥ls S

teladl dlla g;‘:,l._;, 0l Jariia y 5)la dapa 3234
P=4.58 torr, T = 0.01°C < (H,0)
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Critical Temperatyre (To) a5 all da
2 ) 4

Critical Pressure (Pc) -

The pressure at critical temperature
Aapall phall iap v haall

Critical Point da ) dbail
-

e (3l (giaall o L AES s (T, Po) o LisSall il ,a
- 'I:'xi :'I"]



Example: | |
In the phase diagram <hown aside, the point at which a gas-

liquid equilibrium exists 18:
a) A b) B
c)C d)D

The correct answer is (a)

Example:

Use the diagram shown. If the E, for the forward reaction is

35 kl/mol, and the enthalpy of reaction is =95 kJ/mol. Give
the E, for the reverse reaction in kJ/mol.

energy

a) 120 b) 35 c) 95
d)130 e)25

Reaction direction

The correct answer is (d)

Solution:
.-'E-LH thr-.nnrd Fru Erse

E-ﬂu:m: 5+ 0§ = 130 kJ
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Physical properties of
solution

Jellanall Auiliadl) cildiall

e e i —




Chapter Four
Physical properties of solution
Jallaall Al 380 Slaall
o
dM! Lﬁﬁ_ﬁ

Solution Composition

Solution = Solute + Solvent

Jyladll s i
Tl dallaall Jala [EGI‘IEEHU‘EIiDﬂS} _):L‘Sl)lﬂ - _;:l.u.'i.'ll .;_'5__;.1.-. Bie dag

mass of solute
1) mass percent = 1€ 100%
mass of solution

L'JL' S,

Mass of solution = mass of solute + mass of solvent
(Jstaall 33) (laadl Giy) (el &yis)

2) mole fraction of A = —moles of f’L!

X = A

A

Total

Xa=unilless  <ias, i
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3. Molarity = moles of solute
volume of gq lution (L)

Unit of Molarity = mol/LL or M

(i)¥sell 32 4) i

4 Molality = —moles of solute
E —_—
YA mass of solvent (kg)

ANyl

Unit of molality = mol/Kg or m

(unit = N)

3 Diaaoalify= % ( Normal Jlasi )

M = Molarity (I’I‘lﬂ! /L) 5
f = no. of equivalent (1,2,3,

Jetal Soall s D o o323 gty

- = i y {1
J -
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Example:
f M

02MHS0s =>N=2x02=04N
0.1 M AI(OH); > N=3x0.1=03N
03MHCI =>N=1%03=03N

Oxidation — Reduction " Jimal¥y vuSEl et Jls F 0
.‘Reaction
sagitdl ol il iy Y1 aed Lglus (f) 0058,

Example:
MnO; + 5¢ + 8H" —— Mn*™+4H;0
0.6 M

L M
=>N=5x06=3N

Example:
A solution is prepared by mixing 1.00 g ethanol (C,H;0H)
with 100.0 g water to give a final volume of 101 ml.

Calculate the molarity, mass percent mole fraction and
molality of ethanol on this solution,

o« 1000 g gs (GH;OH) Jsli) e (1g) Jaliy jums Jolae
Asaclly p)¥sall coaal (101 M gloy s pans Jplie e ol
sl 138 3 0 2pally 2yl Ry 250

. JaJ

mc,}hnii: 1.00 g MWQH’EH: 46.007 gf’rl'ﬂ{]]
Sl Jgeadl O

m,,=100.0 g Mw,, ,= 18 g/mol
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vs&luﬁﬂn = 101 I‘['[_l:ﬂlul I

Il
C,H,0H
DM=—"——

v
. m 1
n= M, 4607 2.17x107 mole
2. 1T %x1D™?
=M= =0.
0.101 215 M
2) mass percent = Memon % 100%
Meyon TMyg
= : x 100% = 0.99%
14100

N y.0n

- n — X —
3) mole fractio R

M, 18
3 13il” ___ -3g7xil”
=R G710 )+33

Nyo =

nCEHEDH

4) mnlality = mass {}f SO H,0H

—0.1kg
My o = 100 &

_217x107 0217 ™
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Example: fPGtESSiunl nitrate KINO; (molar mMass =

How many grams O
101.11 g;ﬁmi] should be added to 1263 g H20 to prepare

i 2 m solution.
J.]g}?ﬁ;l b) 32.41  ¢)50.62 d) 12.61 e) 16.22

The correct answer is (a)

Solution:
m,,, =1263 g= 1.263 kg

Ny xo,

M= mass of H,0 (kg)

0.1982 =
1.263

= n=0.25
m

m=——o
M

_ m

T 101.11
—m=2531¢g

AN g g4 e dipadl) Bl 4 paumgall 13 e 281 S
2l :*L_}Hh il Silidas s Jass ia .;_,]:1_,:.:1]11 Alac L:J’_g
0.21 mol of NaCl e
'JJ-L'I
11 (solution) —=—— 0.21 M of NaCl
35 g of HCI

100 g solution

2.6 mol of NaQOH (e
1 kg of water 2.6 m NaOH

0.6 mol of KC] e
ltotal no. of moles 0.6 mole fraction of KCl

LinS
*—— 35% HCl in water
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Example:

1.23 ml o 4alhC s
g/ml (55 A3LS wlhiy,, 3 75 M 585 oo
RURARU IR P g
2. aaad 4l gl 4Nyl 2 3 )Lu:
3.75 mol H,SO, - :‘d:di
1L of solution +—— 3.7SMH:S0,

— =
Ny, =3.75 mol V=1L=1000ml
= My g, =NXMw =3.75%x98.1=367.87g

=>m,_. . =dxv=1.23x1000=1230 g
- mH:D = mmlutmu— mH:S'D-u =1230 - 367.87 = 862.13 g

=().862 kg
= I'IHJG = I:;] = 8612813 =479 mol

w

L gyl s o1y Aliad L O Gy

m
1) mass Percent = m"‘m*' x100%

golution

_ 36787 ,100% = 29.9%
1230
n 3.7 ..
2) Molality = _PE[’EE- = ﬁﬁi — 4.35m
3) N =f x M 2
=2 % 3.75 ~75N



Example:

Solution consists of 34% of NaOH 'thﬂi has a dﬂt}sity of
0.98 g/ml, calculate Molarity, Molality, mole fraction ang

Normality ?
crwal 0.98 g/ml lajlaze 236S Slhe NaOH %34 e 0580 Jslss

¢ aflasilly A sall Aanally Aalsally 45y
tJadl

HENaOL g 34% NaOH
100 g solution =

Myon =34 8
= mii (4] = mmlmitm - mHaﬂH = 1{}0 = 34 = 66 E‘ - U‘Dﬁ‘ﬁ kg

34
S, = J‘w =27 0.85 mole
m 66
Ry = = 7o =367 mol
m 100
= Vigion = 3 =g =102 mI=0.102 L
1 el a1y 4atins Lo oS B
D M=2=25 _g33m
v 0.120
5 . = 923 15 gEm
B m, .,(kg) 0.066
3) 5, = I yaon 0.85

N pon + Dy 1490.85 + 3.67



a) 2.38%

d) 44.4% b) 13.8%
- 1]

e) 15.0%

The correct answer is (e)
Solution:
5 S8M = 2.58 mol »::-iF_HI‘\-’I{Z‘J3
1 Lsolution

N, = 2.8 mol

=5 My, =N XM, =.58x63=162.548

V=1L = 1000 ml
—m =dxV=1084x1000=1084 g

solution

%HNO, = 2% % 100%
m

golution

_162.54  100%=15%

S

1084

Example:

olution that ic 26.0% by mass

What is the molarity of 3 _ 98.0 g/mol), H;PO, and has

. . &3
phosphoric acid (molar ma i
a density of 1.155 E"T{;]ﬂa] c) 4.61 M d)3.06 M e)d.
a)1.53M b)2.
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The correct answer is (d)

Solution:
., 26gH.PO,
2= 100 g solution
o T M, 98
m
d=—
V
L - 0.08658 L
1.155 =_V" —V =86.58 ml =0.086
n 0265
= —= =3.06M
e v 0.08658
:_—_———ﬂ'—'

Jslaall ¢ gs3 4l

The energies of solution formation

gy Jaba ED a0l ang Jabaall 0588

Separation of e (= e (Solute) lidl Slije Juad (1
.solute molecules (Expanding of Solute)
. AH; lajlsie 33l )l 54haill o3 zlady

Ml ciliia Lelals il (solvent) il clya Jusd (2
Over coming inter molecular forces in the solvent to
make room for the solute (expanding the solvent)

ﬂ.Hg 1...-'-__j.iia aally uj! E-_,.J;:ijl TS Etﬂ:’}'
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3 el =g
d solvent to | ortglal 3

INteract to form the

'ﬁHJ'hJ"Ji-iiLL o
i'le.uluti{unz ﬂ.H; “+ '&‘HE ) &Hj u-J.. l-_s-ina-“ T E'Lu.:n_,

(lonic Com iy -
— AH; = Lattice energy ey @3‘?1 ﬁ:{ﬁ
= AHhyaraiion= AH, + AH, 7

(359)

* o Mlirdml.nu + <x
A +B &+ HIOHi >A; +B,
cuds 4t 32e e i (solability) byl dulee o Lty (1
(like dissolve like) 4idi

Polar dissolve  Polar
(ige=d)
Non polar dissolve pe.polar
(2 %)
Example:
H,O  dissolve NaCl
(polar) (polar)
CCly, dissolve CsHis

(nonpolar) Qs PO
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The Energy Terms for various Types of Solutes apq

Solvents i A AT i [
LATES, Small Sm
Polar solvent, Large | Large negative forme
polar solute el
| Polar solvent, Large, :
nonpolar solute Small | Large [ Small positive solution
forms
Nonpolar solvent, | gy | Small | Small | Smait | Solution
nonpolar solute orms |
Nonpolar solvent, Large, Nt:f
polar solute Large | Small Small positive solution
forms
Example:

Decide whether liquid hexane (C¢H,s) or liquid methanol
(CH;0H) is the more appropriate solvent for the substances
grease (CygHy2) and potassium Todide (KI).

((CH30H) Jyiliuall Bl 4 (CeHys) olasSell Jilaw LS 13 )8
(KI) pssalisall 33439 (C20Haz) sl uaaS sl Juniy

ol

Ce¢His = non polar CH;0H = polar

CzoHsz = non polar KI = Polar

—= K1 dissolve in CH;OH
= CyHy dissolve in CgH,4



i

factors affecting the solubility S e S -

(S ili A
(Solubility of Gases) Lat yyan 33 (1
(Structure Effect) w2 4

(like dissolve lik e)

Example:

NHj(g dissolve in H;O more than in CCl,
(polar) (polar) (non polar)
{CCly ga 81 el Gyl (Ligdll) NH;y e

(Pressure Effect) kial ,:U .B
iyl 2al3 caly gl il 3 LS
External pressure = solubility of gases |
kil »3a e slaeYl (Henry's Law) @ 05 e ¢J=-:;ﬂ
£y

P = Partia] Pressure of the gaseous solute (atm) B
{ Kihj u_'|a. dalad sy

K = Constant "L.atm/mol” 7,
(et -h'{ﬂﬁm}"ﬁ Constant) 0
. : , i
C= the concentration of dissolved gas { bl Jll S

:’:.1 154
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Example:
A ceﬂiin soft drink 18 bottled so that a bottle at 2500

contains CO; gas at a pressure of 5.0 Htm over the liquig.
Assuming that the partial pressure r:z-f ('.JD; in the atmosphere
is 4.0x10* atm, calculate the equilibrium concentrations of
CO, in the soda both before and after the bottle 1S opened,
The; Henry's law constant for COz 1n aqueous solution is 37

L atm/mol at 25°C.
sins Eing 25 C° b Ay e Slaly b s O GE G
Ll o Jlael (Ll pla 358 5 atm Ly (COy) Sl L
(CO2) 355 ! 4.0x107 atm (gslow Goadl elsells (O2) Sl
32 54 (CO5) Sl oris cnlh Aslaill &3 2eay J8 G gyl
25 C° 3 4ay0 2 L.atm/mol
5 atm = Pooz < Aalajll 78 Jé (1

P 5
= C=—=—=0.16 mol/L
S p=KC= =5

4 x 10* atm = PCO, < gzl a2 3 (2

=
~C=s 210 _51.2x10° mol/L
K 32
Example:

The solubility of nitrogen gas at 25°C and 522 mmHg 3

4.7%x10* mol/L. What is the solubility of N at 760 mmFZ

and at the same temperature (in mol/L)? 4
2) 1.04x10 b) 1.73x10 c) 6.84x10

d) 8.42x10 ¢) 3.45x10

The correct answer is (¢)
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Solution:

P=KC :}'E:K

C (constant <)
. B '
T —
& &
522 760
47x10"  C,

= C:=06084 x10°M

Example:

The solubility of O; in water is 0.590 g/L at an oXygen
pressure of 15 atm. What is the Henry's law constant for O
(in units of L-atm/mol)?

a) 3.93x107%  b) 1.23x10° ) 8.14x10* d) 1.26

e) None of the above are within 5% of the correct answer.

The correct answer is (c)
Solution:

P=KC
::PK,Z—E:

C
) mol 4 mol/L
C=050&x_———=0018

__ 15 _g13.56
0.0184
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(Temperature Effect) bladl a6 ¢
gl Al il Bl A LS

T 1= Solubility of gases ! e

ALl Gagpdiall e A LI (@l gl

== i_. I =

hothmne | i

" i

N ] | :
20 - \\:\::j i R -
i
53 Cra g :'::'\ f
=1 1 T | ;
3 L e |

= & e :
= iy, N -
— C"ﬂrh:ﬂ\"‘"'t-.___‘h “'H-..__: ,___!
- mnTcrs e | o, =]
% I__l:' - e A 'I-._._____l._.h; _: | T
E a - b _'}

Mitrogeen | e et . ]

1 _"‘—I-._____\__I_ j

i i —
Eem. 1 e
! f v
t I
L 1 i ¥

D I 24 T

Tempweruire (<)

(Solubility of Solid Substances) daall slsall &3 (2

(Structure Effct) cusall iU A
el G Al Bae B e aad i Bl Aladl LS
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Exﬂmplﬂ:
NaCl dissolved in Water

(polar) {Pﬂlar}

Example:
Which of the following substances is U3

soluble in w ter?
a) I, b) CsHg C)CHF g CI—?;:JHE

The correct answer is (d)

Example:

Which of the following compounds will be soluble in CCl,?
a) NaCl b) H:0 c) NaOH d) CgHys
e) none of them

The correct answer is (d)

(Temperature Effect) &> e LB
L:’El_’la"" c_-u.l nL-JIIJ i|.|.1u-=lﬂ ."11_"!" :LIL‘I! AT

(Endothermic Solution) bl ualf Jalsa (1

T t=> Solubility of 1

1= Lt alladl 538y
2l g plane 8 5

158



(Exothermic Solution) Bball 3l Jedas (2
4 Splution + heat

Zl) il el by LS (gl

Solute + Solvent —

T 1= Solubility |

1) Na:SOy4

2) Cex(SOs)s
Al Ryl st

' e
i /{ A LI |
| #
[ o L
i |
E | r
x i ""
] F
] o
ot Pl |
yel, e
———— l—.—"_l"_ sl
I - e
4 i A
T = a =
Sl Ao Nn SO ey
g a Ii'-\.___'.'_.'. L
t—— il i vl
=l = "
L L (A T T
oL i 2 _—: ..IL_-_ T A )
1§ i P e =R oMy
Lo himgtcimliom £ 4§
s e
L!'M ‘;Jt.u ’ | Jatall

The Vapor Pressure of Solution

Ji @ Bl 8 Ll Loy cals)) LS Tl Liea Je LS
Bﬂiling Pomt 1= vapor Pressure |
dallaall gladl L)l Cleaald opalla gap2s <45
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i3 (Non v{j]alﬂﬂ} Dl e (Solid
011 ] 'Llin.n
ULHFP ugi IJ Lﬂw1 " ssnclatmn

sl dul:.[ Aie {]

" |
Aal e i) ‘;,hﬁ Ov % b

iﬁ%

(Ualadl gla Lal)
P®sotvent = Vﬂpﬂ'f Pressure of Pure Slovent (Constant)

i cudall pgi e e 4l sy () sl B (g)la daaull
(... torr or atm) saagl i \d oS of s P, PO #

X.oivene = mole fraction of solvent ol dyall 4udl
sasyll Dby G lina Ja LS,

Pgotution = Vapor Press of the Solution

n
: : salvent
salvent

ﬂ“h,m + e

160



uestion:
Salculau—: the expected vapor pressure at 25°C for a solutio

' i f common table g
d by dissolving 158.0 g ol - sugar
F;E:}?;:e m};Iar mass = 342.3 g/mol) in 643.5 cm’ of water
At 25‘*(:! the density of water is 0.9971 g/cm” and the vapor

pressure is 23.76 torT. _

303l umay Jsladd 25°C Sha 423 2 adyiall (eladl ezl (o

A Mw = 3423 g/mol e Sl o5 OS5t Sl - 158 ¢

0.9971 (o» slall 25LS . 25 °C 31~ 42y die clall 52 4635 cm?
. 23.76 torr s Ll (glall Le sl g/em?

sl
P=77 pe =23.76 torr
Vo = 643.5 cm’ d}uu = (0.9971 g/cm]
m_ =158¢g Mw_, _=342.3 g/ mol
i A8 s e

it Mw 3423
My, ,=dxv=09971%x643.5=641.63 g

641.6
=’n|{;ﬂ=h1;:M = I8 2 = 35.65 mol
35.65
= X =] o
0 35 65 +0.46 0-941

= Pp=AXP = 0987 %23.76 =23.46 torr

Example:

The Vapor pressure of water at 25.0°C is 23.8 torm
Determine the mass of glucose (molar mass = 180 Efﬂmu
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needed to adg -

00
pressure t0.23.1 tory g of Water |, b
ge

D728 b) 1546 & o1 the vapor
The correct answer j ®) JSg 3 g
P= X"rﬂ P,;:D

23.1 = XHJQ (233)

o Xl!':{] =0.97 E‘
XH:-U = ____]:1_52--—- : \

My + L
R = - ‘5‘0—{1=2? 78 mol
T M, 18 :
0.97 = 27.78
27.78 +n
=>n__=0.859 mol

Eluc

= m=nx M, =0.859 x180=154.64 g

"

(mﬂl}a; én?sts = 180 g/mo b) 23.0 tort ¢) 24.4 torr
a .1 torr
d) 22.3 torr ) ¢) 20.8 tort
The correct answer is (D)
Solution:
P= XH:G P i;:ﬂ
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o =M, 180
....___-.-m :E—]-::dr.ﬁ mﬂi
Buo =M 1
Ny o B 4.5 .

Nyo+MNy. 015+ 4.5
— P = (0.967)*(23.8) = 23.03 torr

sanadl lgimnss i3 (A, B) osilae 39 Jls 3 2
.(Volatile) _sUsie LS, (Completely Mescible)

= Pa=P% x Xa
Pﬁ.:PnEHXB

3
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‘ '1—l}:. I Ny g
watydle R4 "'“‘"Jxﬂj-ui-a.hd:-ﬁ.ui.JLL_u
e A Y )

(2) A ey,

e

,{Cizsz F;:ES]I ) (553 (2

D O Bl (65 A

-Hydrogen Bonding = ) o
g H:.:ﬂ e Lﬂl..}ﬁi Li‘-"

‘(Adhesive Forces) ;i (53 (3
-Oliaa giole cilbja o Ll o |

rJlia

.London Forces = CsH,» with CiHis claja o Ll gl (g8

Example:
Vapor pressure at 25°C
Benzene (CsHe) 94 .4 torr
Chloroform (CHCl3) 172.0 torr

Using the above data, calculate the vapor pressure of

solution over a chloroform-benzene solution at 25°C, which
contains 50.0 g CHCl; (F.W. 1 19.4) and 50.0 g CsHs (F.W.

78.0). Assume the solution behaves ideally.
}33 5?6 torr b) 125 torr c) 148 torr
d) 172 torr e) 160 torr

The correct answer is (D)
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_m _30_ 4641 mol

nciu o Mw o
~m _ 59 _ 419 mol

Neya, = Mw 119.4

- 4 Do ] 0.641 i
G n L D 0.641+0.419

= X, == > U | —0.605=0.395

=P, = (Xc,m Pc"th, )"" (Xﬂif.'t_. Pmc‘l, )
= (0.605 x 94.4) + (0.395x 172)
= 125 torr

(Ideal  JUall Jdaladll oe O Line e 20 Golddl sl
agd s ol cama e Jelaall Sy 5oLl aslhaall 5a, (Solution

g g se
clalall (g4 - eaiall (548 (1
(Cohesive Forces) (Adhesive Forces)
cadall aaa + IR aaa = Jyladll pas (2
(water) (ethanol)
H,O + CH;CH,0OH —  H,0 .... HOCH:CH;
H-Bonding  H-Bonding H-Bonding
, " i w,
Cohesive forces adhesive forces
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s VI presuare of pure B
' X
Iz e ot
s i -
: ﬁ;:.;.x *P.,- : if [eimre A
i e L‘”‘. ST
o n."r‘ 1 -Ir h-:'ll|| Tor \\“‘
E 1 L Y
- i ':ill. ‘rr I
2 | K
nl ¥
0 3
e N
| -"|_ lE.'."' "
e
v 4t i
fa
L

(Henry's Law) gy 05l agle Gudsd Le s Jisall Jybadly (4
Yy Ul Jplaall e abiss Jalladdl S Opdlise o gl Aagy
tshy i Ol e Gulai
(Positive §-ia op\d o= oagall sLaWL Cipah Jy-laa (A
Ll cliall 4 (5955, Deviation)
LA Jslaall (gylagll Jaiuall < o (g)ladl axall (1
Csllall (g > el (g6 (2
il pa il s < dsladll p2a &
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sk,

CH;CHECHEDH -+ C5H14 - CHHEHEGH EREERYE CEHII-
H-Bonding London London

(Negative s Oeild e Gl sLadi L ity Jslas (B
radlall slaall 4 4854 Devotion)
v el Jelaall gladl Lzl > 4l (gylall Lzl (1
ulall (668 < 3ol (58 (2
scdall san + Q) aas > Jylaall aaa (3
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O
CH,

C]}C._H "
¥ CH;C—CH; —= H;C—Cl O—0
=E=mammm —_—
“'\.\_“
CH;

n E

- Colligative Properties dppapdll cibsl

Laa) N

y Jsladdls (Solute) wldall Sl 25

(Nature) <t > e A
:LFI-J

Glia o)l )25 B

(Loweri
wering the Vapor Pressure) &
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(Boiling Point Elevation) ol 2,1 ¢ 15 5.
(Freezing Point Depression) deadll Ao (B nlasay) g
.(Osmotic Pressure) (g)sauyl ki j,
oy s ¥y 3l 0den Jol U8 Lise e ol AL (5
il P
e olSia e Lrdel Ll coull b oYl Wl 0eS Giy (6
(No Dissociation or Association) -zex3ill o SISl 3L
1. Boiling Point Elevation: gLy
(Oblad 43 )
- b Ry elldy canly ol 2aaS caly LS
Amount of Solute T =>B.p 1

[ AT, =Ky moue | iﬁwé’?

AT, = Boiling Point Elevation (C®)

Oldell dnpy S pla)yl
Ky = molal Boiling Piont elevation constant (C°.Kg/mol)
Ol dasn (3 Wl gl Y1 b
-p2i3uadl (Solvent) cuidl g45 Je adie (7
Msotue = molality of Solute (mol/kg) wolaell Lul¥se
n

m = solute
mass of solvent(kg)
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-t il < gy

7Y

B.p of Solution > Solyept DEE A ol e g (8
=T .
= AT =T o

Boiling Point nfrater llfJ C
Freezing Point of water = ( °C

. Th{sn]uliﬂn} oy leiay ATy 22y {9
(Unknown Solute) Jyeas il Mw Sl ailiig Li(10

(e (adia () 9ald |'.U=.:.n‘-1|1| wﬁi ey § || ?‘n!j:‘ oo gl

P ay il (Mw) 2 Giludl o yilall

m,,,, Kb
m.;... %107 = AT,

4alasal) @L:h,»:l_, ;L*_,_F'Lill (KT Q’J {g} lgoasy [mﬁﬂh’ﬂnh msn!u!::' o
s Tl St o b

Example: _ ‘
A f;nlztiﬂn 15 prepared by dissolving 4.9 g sucrose

. 5 o water (My= 342 g:’.mnl:l. Calculate the
ﬁ;lﬂgiﬁn‘r {:f? th?s golution.sucrose 1s a nonelectrolyte
(K,=0.51 C.Kg/mol).
oa 175 g 5 (Ctlz

i<, ¥ () S 0

O11) JasSeall s 4.9g Ll jesas Jylsa
SEl Jylaall 132 OL2 A2 craal celd
:Jadl
Msolvemt = 175 - P 0.175 kg
Misolute =14-9 g 170



== Example:

| T S
c,H.L w392 A solution was
AT, =K, m prepared by
0.0143 dissolving 18.00
=ﬂ.5]x( o175 )— 0.0418 5 oligass &
150.0 g water
= AT, =1, ot T, woives The resulting
0.0418 =T, —~100 solution Was
R found to have a
= T 100.0418 C° boiling point of

100.34°C. Calculate the molar mass of glucose. Glucose is a
molecular solid that is present as individual molecules in
solution.

Usladly colall (1o 150 g 3 3sSylall e 18 g 23L jaas Jylaa
-'l._‘_d)qll Sl wawal ¢ 100.34 e @Lu:l 1,_',}1-:&!:‘- 42 Sl E:‘Lﬂl
V' als IS8 o Jaladl B A bea sale 5sSslall L 5Sslall

"
:Jadl
Ky =0.51 °C.kg/mol
M =— P ® K,
T B X1 AT,
M 18 % 0.51

L

N 150 x “}—3 o (1[}0‘34__1{}{}):13(] gfmu:}l

2) Freezing Point depression: tayill da 0 B Laliasy!
(Freezing Point il Aay ol (Solute) wlial S =l LelS
.Js (F.P)
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Amount of Solute 1 = Fpdl

Gl uﬁuﬂ)ﬂ:‘shiuu,m

AT;=Kexm PR Ot

AT = FI‘EEZng Point dEPl’ESSiDn [nc]

il Zs ity

KF = molal Freezing — Point depression (°C. kg/mol)

Constant
o Ppall deaill Ay mlas Culh
paaiedll (Solvent) cuidlpg e adiay g, #
m = molality of Solute (mol/kg)

=T. )T

F{ solven) Fh:-luuml

AL =1 -1

F(:nhul Fisouion

(Unknown (Jseae iad (Mw) 25! b by (11
Gl gl i pasoad Solute)

Ao puas aa




AP
Exﬂmple= \Eﬂ'_“-}d)ét L’

' int and boiling point
Calculate the frEE:IlnE: poin of ap
antifreeze solution that 1S 5_7{].0%_17_1;' mass of ethylene glycq]
(HDCI’JECHEDI‘{) (Mw=ﬁz g/mﬂl}lﬂ water. Eth}"lﬂﬂﬂ g[},r,,:ﬂ_l
is a nonelectrolyte

(K=0.51 C°.Kg/mol, . K=1.86 C°.Kg/mol)

ya S sl aaadll 3 Une Jalaal QLA Aaay daadll 2550 (L
laa el (Mw= 62 g/mol, HOCH,CH>OH) &= 35S (. %50

SelSan VT (S pal oSl
:Jall
Ky = 0.51 °C kg/mol K¢=1.86 °C kg/mol
Jsladl e 100 g Ll anps 4il i
=5 50 g =0.05kg/ msiue =50 g

2) ATe=Kym=0.51 x 16.13 =8.23 °C
—> ATy = Tb (solution) — Tb (solvent)
823 — T'b {55Tu[ign] = ].'..}D
= Th (solutiony = 108.23 °C
m 50

N e = M = s =10.806 mol

w

=m,, = B _ 0.806
mass of solvent(kg) 0.05
DAT, =K,m=1.86%16.13 =30 C°

o b i)

30=0-T

Msolution

=T =+30¢°

[ 5% 1% Y
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E} ijh = Kb Im = 0'51 -
. ﬂT_u e Th
solution
823=T, =100
solution

=T, =108.23°C

solution

—

b
E0lven

Example:

A 0.350 g sample of 3 large biom
olecu] : :
15.0 g of chloroform, and the freezing € was dissolved in

s -point de '
determined to be 0.240°C, Calcu8late T

' the molar mass of the
biomlecule (Ks for chloroform s 4. 70°C kg/mol).

O\Sy a1sdg sl e 15 g 1_.-'- I;-eg'.*ni paaa (S egial die 0 035 ¢
g Al gall ABSN Cial ¢ 0.24 °C Gyl 2eadll Anja (B palassyl
(K¢ =4.7 °C kg/mol) gl scsal

:Jadl
M mﬁDI_EEKf
O msulrml X 10-3 X ﬂTr
M = 0.35x4.7 _ _ 45694 g/mol
*  15x107° x0.24
Question: (C:Hs05) (Mw=92 g/mol), a

1 cerin : ater to give a
Mﬂ,ﬁlecﬁaj;ﬂﬂfﬂity‘“ dissolves mrz?.n'{: S0°C? (Kr=1.86
z:lqiinn Wilh1 a freezing point ©

C® Kg/mol)
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as o beS s ¢ (C3H30s, M, = 92 g/mol) Gulil dg .

¢ -1.5°C I.il'\“‘":' SPES P EGRT Jglaa eldac el LJ-“ZUDE igj]{:u'l:-,ﬁ

rdall
K:-:I" = ‘Snﬁ ECkgmel
M — ms-:ﬂun_- X KF
) m solvent < ! UT} X ﬂTI'
mx1.86
92

= 200x10" x(0—"1.5)
—m=1484 g

Question:

The freezing point of f-butanol is 25.50°C and K is
9.1°C .kg/mol. Usually -butanool absorbs water on exposure
to air. If the freezing point of a 10.0 g sample of ¢-butanol is

24.59°C, how many grams of water are present in the
sample?

> 3 Bt 2 Gl Ld KF ¢ 255 °C o Uil gaall 3 asll 4o
13) . elygll mpat 13} eladl aias Jssligdl 33le . kg/mol°C kg/mol
e pbe oS0 24.59 °C (bt aShall 13a e 10 g J aanall 330 il
T disalls Sagase el

N

% 'L_La pL‘J!

(Solute) i Joln
M = —-__I_Tilﬁx K r

L'

 { | mx=9.]

109 %107 % (25.5 — 2&1.?5'3)

m=10.194 g




Example:

When 12.1 g of'a compound is dissolved in 8g0

the solution has a freezing point of — 2
molar mass of this compound (K, fo; 0.082°C. What is the

ter = 5
a)210  b) 177 ¢) 250 “;;?Tm].zﬁ ;;;]3

The correct answer is (e)

Solution:

AT¢=0—"0.082=0.082 C°
M = M, e ™ Kr
Y om,, %107 x AT,
_ 12.1x1.86
T 800x10~ x.082

=343.1 g/mol

Example: . o
An aqueous solution freezes at -D.80%C. calt::u atﬂf e
boiling point of the solution (for water: Kf =
1.86°C.Kg/mol, Kb = 0.52°C.Kg/mol).

a) 101.62 b) 100.55°C ¢) 100.70°C d) 98.50

The correct answer is ()

Solution:
ﬁT[=ﬂ~'—2.5:2.5
AT¢=Krm
25=1.86m
= m=134m
= ATp,= Ky m

_0.52 %134
0 176



=0.7
— Bp = 100 + 0.7 = 100.7 °C

3) Osmotic Pressure (S ganay ) Jaiaall

Abay Jolaa M S8l 565 iy @30 Jelaall ope Jamis oLl Legls
Liall o (Osmatic Pressure 7) (g)samy! basaally . lef 565

c Clstaall oy Ll JuEl Ca gl
-101 elaasS Bale e (Bl LRl 3 Sy e

PV=nRT

T 2P OlSa ages

M = osmatic Pressure (atm) (Sisacsy| L

V =Volume (L)

n = no. of moles (mol)

R = gas constant (0.0821 atm.L/mol. °K)
T = Temperature (°K)

1
m="

v
v

(Unknown Solute) Jygas Sl (Mw) Al gall 31 Sl oYy
pdlaa O @l 1l ki (650 ai )l e alae Y
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Example:
Calculate osmatic presgyre fi
4]
electronlyte" at 25 °C 9 r0.16 M of CeH 04 m

non
CeH 20 '
pr 6112Us = 0.16 MJ‘ESJHJJJ-‘-J[&J}&“‘LH-LL;.:HM'I
?25“’{:3*-_:51%-7-;:5;'&4-&5
T=25°C =298 °K M=016M
o =V.16 M

=0.16 x 0.0821 x 298 = 3.91 atm

Example:

A 20.0 mg sample of a protein is dissolved in water to make
25.0 ml of solution. The osmotic pressure of the solution is

0.56 torr at 25°C. What is the molar mass of the protein?

(25 ml aass Jslaa elley elalls lougds o5 o8all 6420 mg

25.5 °C &y daya e 0.56 torr Hle Jsladll 3¢ (gypancil Lol
sl

v=25ml=0025L
m=20mg=0.02¢g

160

—
—

nRT _0.02x0.0821x 2% _656x10° g /mol
— MW = “v = ?3? e lﬂ_l }:UHZS
Example:
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v L
Calculate the molarity of a solution c_{::-ntaining KCl ang
water whose osmotic pressure at 21°C 1s 100 torr. Assume

lete dissociation of the salt.

d) 0.0025 M ¢) 0.002M

The correct answer is (d)

Solution:
KCl-K'+ClI- (i=2) %

100 torr
m= =0.132 atm
760 2
T =21°C = 294°K
7 =iMRT
m 0.132
= =0.0025 M

iRT 2x0.0821 x 294
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X

T ; ! l e
Colligative Properties of gje Ctrnlyﬁ Eﬂ::iw1 Clhal)
ns

(Colligative Properties) duassll =i ol Tl Ll L
a1 cang ) lgianh e 1, dsbaalls ciliiall se e vas
Ay 51 Jelad) Jaly Slijall dISE lae Yl e

(Van't Hoff Factor (i)) uiss culi Lle e S iy
Dbl Jals dS€al clijall s e Ju 3l

Example:
NaCl,,—*—>Na" +CI" i
Na,SO, —%2—>2Na® +80; i
Al(OH), —2— Al + 30H i=4
Jaly SISl 346 A€ OSyal 8 ARl il S e o
.(Electrolyte) Jylasl

i
el L ]

il

ATy=1ky m

ATe= 1 kym

n=iMRT

Expected and Observed values of the van't Hoff factor for 0.05 m
pec

solutions of several electrolytes rr—

: ted :
Electrolyte : {f_lpﬂ_ 1’1 i AR atell G Lilas Waagi
el Akl M T L 9

Naci AT I
"MgCh e B
"MgSO: _______—711-————*"‘“ A
FeCly e e e

i

HC1 | e——
= |.I} —

Clucose® ___L——romparisor

* A nonelectrolyte shown 180




I-. I-r i=d = Iﬂd:’”'.ll

than: I
Iﬁugi --__-|"--.J e Pre:::-"-”' for o W14 Pl s 1 I'.'ln 4
L e

r':' |"rl| |"|I':-|_-.-I I {11 1:'-' L 1' IJ A B I' 'lmr_a_r___. rLI -
ATIL EApCTIE aenlal walnes o

' 5 P, il T ey N | SRR 5
il ] 4" | e :-_:_Il_.! ' IIl|_J_ —, 554 ) .|=.__-J

Rl

:_.;.; A0 E uim g 2R Ssua e Dol e,
| i) d Rl
el
| §-expertl watud-for (1]
(1 4 Sl i
R Y A e Nals
FaH, LS80 ), - = ke +.aT=IH P20,

i =3
2 enpecivcatal walus for 1 FIRRPLI R
Ligral B e 2oy
1, — LTl
HEE =] LLLIEZE] = 20F
=i1=44
- Ak tals il = (] 3 Bbenli ducill 12
Foarple:
The imime

¥ ki, rIII'.'F'E.Jr-;- I'Jfl_l i R ".._]__.,5_,::,1 5n'ul.||::'l Hf e (.

SRR e1ip 13 e

The roereg RO e s il b
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Solution:
n=1MRT
T = Eﬂﬁc = 298 EK

0.318=ix 0.0 x 0.0
i=13 0821 x 298

Example:

Which - _
pressur;?f the following solutions has the lowest osmotic
a) 0.02 M sugar
b) 0.02 M KCl
c) 0.02 M CaCl,
d) 0.02 M HCl
e) 0.02 M AI(NOs);

The correct answer is (a)

Solution:
e daiad iy SlA) LSl alls Al oSl alana o Jaadls
(i) 4s8
HC1 = KCl > sugar
AINO:)3 = CaCl; >
4xE],D2=U.DE 3%0.02=0.06 2x0.02=0.04 0.02

e
nT
Example:
Which of the following solutions has the highest Van't Hoff
faut‘-‘f:’(i];? se b) NaCl ¢) MgCl;  d) HNO;,
a) gluco

The correct answer is (¢)
182



