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4 Mole traction ( X))

solute
mole fraction (X) = moles of 8o

moles of solution

mol/mol
Xat+Xp=1

EPart per million (ppm): for very dilute solutions

mass of solute

m -
PP mass of solution

mg/L
4 Part per billion (ppb)

mass of solute

b=
PP mass of solution

4 g/L

5 Molarity (M):  only depends on Temperature

moles of solute

L _ _moles
Molarity = liters of solution M= L
Vol. soln. = Vol. solt. + Vol.solv.
6- Molality (m)
moles of solute
; moles
molality = m=
Kg of solvent Kg

Ex.1: 12 g of urea (MM = 60 g/mol) is dissolved in 180 g of water. The mole fraction
(x) of urea is?
Ans.:

X = (12/60gma)/[(1 24/ 60g/mo1)+(1804/18g/mol)]

0.02

If he asked about solvent (water) just do:
X = 1002 094
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lx.2: Caleulate the molality of 2.5 M NaCl solution? (density of solution = 1.08g/ml)?
Ans.
Assume 11, s0ln,
m=- n“?‘f ;
Kgl-oiv
2.5M which means:

esmol,,, .
L, LNy, =2.5mol

Vol. ., =1L = 10° ml
Now,

mmln = muﬂ

solv

v mwlv = muln. -m

solt

=(dxV)-(nxMwt)
=(1.08 -2 x 10° ptl) - (2.5p0l x 58.5 ;%J—l) 29344

ml
= mnlv = 0934 Kg
~—sms= __.r_‘..‘p.ll._. ._.2_ 2119'_. — 2 68
Kgsolv 0 934 Kg

/M Calculate the molality of 48.2 percent by mass (%mass) KBr solution (Mwt.=119g/mol)
?

48.2% which means: 48.2 g solt.
100 g soln.

- mass solv 2 rnnln. = rnlah.
=100 - 48.2 =51.8 9= 0.0518Kg

. (m/Mwt. Wt )on.
Kg sulv Kg salv.
(4BJ /119 g/mol) _

0.0518kg

=7.82m

310
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Q.Fora?9 .
solutign%(gy mass aqueous solution of sulfuric acid Hz2504(98.09 g/mol)
»(density = 1.83 g/ml). Calculate (a) molarity (b) molality?

(a) Molarity:

98 % > 989 solt.

100g soln
M th_ _(m/Mwt.),, _ (98g/98.09¢/mol)

o (m/d,,)  (100g/183g/mixi0” o>

(b) 500 m

PO

13,5 CollgEt T PEoBe

N A R PP T Sy Y
rties of Nonzelectrolyte Solitions:
Colligative properties are solution properties that vary in propo
concentration and i
solute particles.

rtion to the solute
, & not on the nature of

These properties are:
1- Vapor pressure lower (P)
2- Boiling point elevation (increase) (Tn)
3- Freezing point depression (decrease) (Ti)
4- Osmotic pressure increase (1) [more accurate]

Non-electrolytes solution: no ions in the solution

0 f id e e P 3 g

17 VapOK pressure [Ower (Paoin):

The amount of pressure exerted by the vapor when a closed container is in equilibrium with
its vapor '

By Rault’'s Law:

Xsotv. : mole fraction = molsolv./ MOlson.

: in15 | of water at 25°C, The vapor pressure
; S jon ¢ mol of glucose in 15 mo ¢
Fix. A solution of B .. ratelare vanar pressure for the solution?

Scanned by CamScanner



LT gl apagatal

st 7 T s ....-—ﬂl-"'“ " L e
N‘i-_"d“"'“
li):\l\‘lll.l“l: ) hhdi,&a.—.n_;ﬁ_l,d..l..]lul, STl B ;,ww.,,«w::,:u..‘-u Miaty i At rg)dgrings
Lotk

A S \rJ,&.i_,J_J M*‘L" .n-—l"w!'-";--u-\..
_/

u‘-’)"-d'" J"‘*“‘HP«“*&‘L“’)NJ’ “,1‘,“, 51. ,‘....*n.llg-' s "“ e -H-J-lo ...nl _,Su‘:‘lll..),...l

2- Boiling:Point Elevation

Kb, K¢ : molal boiling & freezing point
Constants (°C/m) or (°C.Kg/mol)
- depends only on types of solvent
Tb(so'ln) - Tb(mh) + ATb

- m = molality = mol/Kg

3- Freezing-Point Depression

[AszfomI

Tf(soh) = Tf(solv_) = ATf

Ex.1: Ethylene glycol (EG) (M.wt. 60.052 g/mol) is commonly used automotive antifreeze. A
259% solution of EG is used. What is the molality of this solution?

Ans.:5.5m

Ex.2: Calculate the boiling point & the freezing point of the EG in Ex.1, if ky = 0.512
oC/m, Ki=1.86 oC/m for water, T¢= 0 °C?
a) boiling
UT, =K xm
=0512°C/m x5.5n=28°C
= Thaoln = Tosolv. * 0T,
=100+2.8=102.8 °C

b) Freezing
U7, =K xm

=1.86 °C/p x 5.5 pf =10.22°C
= Tfsoln. C Tfsolv —UTf

=0-1022=-1022°C

S/10

Scanned by CamScanner




"y -4 , -
A . ,Ln,'u 1%a153
\ \ ‘%_J ..N-lj ol j
w:-._r.- T AR AT R SPTT TR TR Y T T -
; Abaad| 3 Rl g Asedind| Colamamini | A o L | oo il niaiinia il sty 830t g 39 1582
,\\ \'! \l\ -
ACADEMY. TR BT TP ) xaMuuﬁwJu'Hw
g :
- Jaaa.JI—\.ln LM!ywlehl‘A”.u ,.ndiwatslida—&-:*ﬁ'j#)“'wlwujf“"“ Juiall (S LY A.I,-fu

Osmotic Pressure (Nonelectrolytes) :

The amount of pressure necessary to achieve the equilibrium

Semipermeable Osmotic
membrane pressure

(a)

Osmosis: net movement of solvent from low concentration to high concentration
solution via semipermeable membrane.

** This for one solution **

** For two solutions **
Isotonic: two soln have equal osmotic pressure (T = 12)

Hypertonic: more conc. soln given two soln’s  (my >2)

Hypotonic: less conc. given two soln’s (1 < nz)

t=MRT

:atm
M: molarity (mol /L)
R: 0.0821 L.atm/mol.K

T: temp. (K)
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Note:
T = M RT
(M/Mwt)RT
- VL

mRT
MW1' =

Vi ,where 1 =atm
also, Since, d =(m/V)

Mwt. = BT
T

f hemoglobin in enough water to makeup 1L

Ex. A solution is prepared by dissolving 35go0
is found to be 10 mmHg at 25°C. Calculate the

volume. If the osmotic pressure of the solution
molar mass of hemoglobin?

Ans.: 65 x 103 g/mol

Colligative Propéities of

For colligative properties,
— Electrolyte solutions vary from those of nonelectrolyte solutions

— electrolytes dissociate into jons in solutions
_» increasing the total number of particles in solution
—» freezing-point depression for 0.1m NaCl is nearly double that for
0.1m sucrose because NaCl breaks up in Na* and CI” ions whereas

sucrose (a nonelectrolyte) does not break up at all

number of moles of ions per mole of electrolyte
_  ameasure of the degree to which an electrolyte dissociates

_ actual number of particles in solution after dissolving
number of compounds involved betore dissolving

van't Hoff factor = i=

Ex.: Find i in the following:
a) NazPOs b) CaClz
d) Al(NO3)s e) H2S04

c) KOH

7710
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Ans.:

a) NagbOy - » INa*+ LPOG?

Jion  Lion seaesi=d
Note:
Some groups are be as one ion such as:

(PO4 ). (OH), (SO42), (NOy), (C104)

d) 4 e) 3

For electrolyte solutions, the van't Hoff factor must be included in the following:

Psolu = ‘ Pw'lv‘ X Xsolv. ATB = ,KD m AT' = ’K' " "= ’MRT

H ;‘ll e
a) as i increase Tw, W increase

b) as i increase T¢, P decrease

Ex. 1:  Which one of the following would have the highest boiling point?

1.00m NaBr 1.00m CaBr, 1.00mAIBr,  1.00mSrSO,
Ans.:
ixm
1- 2x1=2
2- 3x1=3
3- 4x1=4
4- 2x1=2

>>»>>> AlBrs is the highest To

Q. Estimate the boiling point of a 2.5 m solution of MgClz if ke = 0.512 °C/m?

Ans.: 103.84°C (Don't forget puti = 3)

Q.: Calculate the Van't Hoff factor (i) for Ki at 0.01 M Kl sclution, at 25 °C and
osmotic pressure of 0.465 atm?

Ans.: i =1.9 <2 (KI), why?

Because of ion pair effect???

8/10
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!:\ t“t!‘l't"lﬂ)'l}-‘ solutions (have +ve & -ve ions) after they separate we said in this example to

Y L) N 2\ : . .
3mole (+ve ions) & 1mole (~ve ion), so we say i=4, but they are an attraction between +ve & -
ve >>>> held closely together >>>> to become not 4 ions

NazPO4 & 3Na*t+1P04?

>>>> This the ion-pairing
w~>> Reduce Van't Hoff factor (i)

>>> Multicharged ions (Mg*3, Al*3, S042, etc...) have greater tendency to form ion pair

Questions

1-Which of the following aqueous solutions has highest osmotic pressure at 252
A. 02MKBr B. 02M ethanol  C. 0.2 M NazSO4 D. 0.2 MKCl

2- The osmotic pressure of a 0.0 10 M MgSQOs solution at 25°C is 0.318 atm. Calculate , the
van't Hoff factor, for this MgSO4 solution.
A 0.013 B. 1.3 C. 1.5 D. 2.0

3- Which of the following aqueous solutions has the lowest freezing point?
A 018 mKCl B. 0.15mNaxS0« C. 0.12 m Ca(NOs3)z D. pure water

4- At what temperature a 7% by mass aqueous solution of ethylene glycol (62g/mol),
a nonelectrolyte, will freeze? (for H20, Tr = 0°C, Ki=1.86°C/m)
a) 1.13°C b)-1.13¢°C c) 2.26°C d)-2.26°C

4- The molality of lead nitrate in 0.726M Pb(NO3)2 (331g/mol,d = 1.202g/ml) solution:
a) 0.755m b) 1.928m c) 0.476 d) 0.819m

5. A solution was prepared by dissolving 3 g of unknown solute in enough water to make
0.5L solution. The osmotic pressure of this solution was 1 atm at 25°C. the molar mass
(g/mol) of this unknown:

a) 392 b} 196 C) 147 d] 294

6- A solution was prepared by dissolving 15.6g of CaBr; (199.8g/mol), strong electrolyte, in

375g water. The density of the resulting solution was 1.04g/mL. th i i J i
solution is: 8/ e molarity of Br-in this

a) 0.347M b) 0.748M c) 0.208M d) 0.416M
7- One of the following solutions has the lowest freezing point:
a) 0.30m M‘gCIz b) 0.60m glucose
¢} 0.24m FeCly d) 0.50m KF
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8- How m. my prams ot hl»’l( 'lUl l') ?h/"]nn \huuld l|( g“!lll_d to 60 4 Of water to decrease
freezing point of solution to -2.5 °C. (for H;0, Tr= 0°C, K¢ = 1.86 °C/m)

a) 99 b) 7.4 ¢) 4.9 d)12.4
The solution
!1 1 C- 0.2MN u‘-lh
'i 2 B-1.3 s
l 3 B - (l 15m N.uﬁﬂ«t e
l 4 D - 2. 2.6“{ L
5 A- ().75"”11 _ R
O C- 294 S e
7 D- 0416 M ) —
' 8 D - 0.50m KF
\ 9 B- 74 S
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