Ch.10 Solution

Solution: is a homogeneous mixture of solute distributed through a

solvent.
Solute: Gas Solvent: Gas
Liquid Liquid
Solid Solid
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Ch. 10.1. Concentration units: M ~m-~ N ~ X ~ mass percent

Ch. 10.2. Principles of solubility ﬁ‘n?\[ﬁ] . ?E@iﬁi’ﬁ@
Ch. 10.3. Colligative properties of nonelectrolytes

Colligative properties Ao 4T
Solution properties depend on the concentration of solution
particlesrather than their nature.
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Ch. 10.4. Colligative properties of eectrolytes. 1M = nN



§10-1. Concentration units
Molarity (M) FL,?%F\I?' L

_ moles solute
liters solution
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Nsolute(CONCeNtrated solution) = Ngyye(dilute solution)
MC ® Vc= Md ® Vd

Ex 10.1: Copper sulfate is widely used as adietary supplement for animal

Ans :

[.-1 wahumetic Fask ceaianing 500
mml. of T 1HLA Cute]) thar s
accuralely meaiuned adng the piost

feed. A lab technician prepares a “stock” solution of CuSO, by
adding 79.80 g of CuSO, to enough water to make 500.0 mL
solution. An experiment requires a 0.1000 M solution of CuSO,.

(2) What is the molarity of the CuSO, “stock™ solution prepared
by the technician ?

(b) How would you prepare 1.500 L of 0.1000 M solution from
the stock solution ?

(@) MM, =63.55+32.07+16.00 ~ 4=159.6
_ 79.80/159.6

M=-—""=222 =1 000 M
500/1000
(b) MV, =MV,
1.000M * V, =0.100M~ 1.500 L
V, =0.1500 L
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FIGURE 10.1
Preparation of ome Dics of 0,000 A Cus0y by dilutdon,



§ Mole Fraction : X F1=' 53k

Ex 10.2: Hydrogen peroxide is used by some water treatment systems to
remove the disagreeable odor of sulfidesin drinking water. It is
available commercially in a 20.0% by mass agueous solution.
What is the mole fraction of H,O, ?

Ans:
Basis: 100.0 g solution
Nyo = 200 _ 0.588 mol
2 34.02
80.0
= —— =4.44mol
"o 18.02
Nyo, _ 0.588

=0.117

n,  0.588+4.44

§ Mass percent; Parts per Million (ppm); Parts per Billion (ppb)

Mass percent of solute (%)= mass of solute . 100

total mass of solution

Ex: 249 of NaCl dissolve in 1529 of water
24
24+152

= 14%

Mass percent of NaCl (%) =

Ppm; ppb: when the amount of solute is very small; as the trace
impurities in water.

wt. of solute .
wt. of solution
= Wt % x 10*

ppm solute = 10°

Ex: As FA‘ £l ; USA lower than 5 x 10°%g per gram of water.

A Te
ppMmAS = > 10 "10°=5"10"% = 0.05ppm




1078
ppbAs = > 10 " 10° =50ppb

§ Molality (m) FrE!Fi= S
Number of moles of solute per kilogram (1000g) of solvent.

Molality (m) = — moles solute
kilograms solvent

Ex 10-3: Glucose, C¢H1,0s, in water is often used for intravenous (ﬁ?ﬁﬁ’fwj— F)

feeding. Sometimes sodium ions are added to the solution. A

pharmacist prepares a solution by adding 2.0 mg of sodium ions (in

the form of NaCl), 6.00 g of glucose, and 112 g of water.
(@) What is the molality of the glucose in solution ?

(b) How many ppm of Na" does the solution contain ?

AnNsS:
(8 MM, o =1201° 6+1.008 12+16.00 " 6= 180.16 g/mol

moles solute  6.00/180.16
kilogramssolvent ~ 112/1000

wt. of solute 20" 10%g
wt. of solution 2.0° 10°% +6.00 + 112

=0.297 m

m CG H 1206 -

(b) ppmNa" =

10° =17 ppm

§ Normality Er}’ﬁﬂ%@ N

TAEVE £l
P Pt 1M =N
TAEVLE
SEPCRIN Ve S M =
2. [l 1A
§ Conversions between concentration units
When the original concentration is start with
Mass percent 100g solution
Molarity (M) 1.00L solution
Molality (m) 1000g solvent

Mole fraction(X) 1 mole (solution+solvent)



Ex 10-4: Using the information in Fig10.2, calculate

e - rer——
ADTUAL ANALYSIS. LOT 320037 MEETE A.C.5 SPECHICATIONS |
|
* Aomay #il|ioy ackdimelr .7 L] 1
Mr:;;]ﬂl..f ¥ P,
Comor | APHA| < 8§
Specic Grawiy ai B0/ BOF 1.1908
Ressdue alime grution u@ﬁ L]
Frss Chiscng I | Pastai Toat
fscmade 4B ) < s r
Tracy Fmpuriligs (In pom]
Ammanim (MK 3
Sullade (50, ]
Sulia (50, o3
himank | &g | < o
Copper |G 0L 0ed
| Tron gREj . Ef
| Harey MR (35 PO) b
x; Heckn| (W) 0. 0ged
d |
- *asaay valad TINQS 19 D 1SS Tran rapor(ao o 1o wape (065
3 iy wian openisg coniaier

a) the mass percent of HCI| and water in concentrated HCI
b) the molality of HCI (m)
c¢) the molarity of HCI (M)
Ans:
a) The mass percent of HCIl = 37.7%
Water = 100-37.7 = 62.3%
b) Basis : 100.0g solution
m,q =100 x37.7 %= 37.79
377 3717 _

Nug = = =1.03mol
1.01+35.45 36.46
_ kiImoles solulte _ 621:;)03 —16.5m
ograms solvent 1000
Cc) sp.gr.=1.1906
volume of 100.0g HClxy = —=20_ = g4.0mL
1.1906
_ moles solute_ 1.03 ~12.3M

T liter szolvent_84-%000

§10-2 Principles of solubility

Solubility £V&F3k

I The nature of solvent and solute particles and the interaction between
them.

1 7T

I Pof gaseous solute.



Solute-solvent interaction:
“like dissolves like” ?fﬁj]i“ﬁj] :’E?ﬁji?fﬂbﬁj
CsHy, pentane(Z i 1%) = hexane CoHig(ZHfi %) — ﬁ,
CsHiy % H,0 — = Yﬁ*

TABLE 10.71 Solubilities of Alcohols in Water

Solubility

Substance Formula (g solute/L HaO)
Methvl alcohaol CHOH Completely soluble
Ethyl alcatinl CHyOHzOH Completely soluble
Propanal CHCHCHZOH Completely saluble
Butanol CHCHOH CHaOH 74

Pentanol CHyCHCHzCHZCH2OH 27

Hexanol CHyCHpCHCHCHaCHzOH 6.0

Heptanol CHzCHzCHzCHCHaCH2CHZOH 1.7

Vitamin B ~ C(#y1%) — [ 1%
VitaminA ~ D ~ E ~ KEHEE) — ’%ﬁiﬁ“[‘iﬁ

Wiy [a“IJIEPE' SN I/jgwﬁi@ (Figd.3) Ksp;ﬂﬁ@>Ksp%Tu[E
NS
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§ Effect of Temperature on Solubility

iﬁ@:ﬁl%ﬁ?fﬁ% b [eEV>E T1  Solubilityt
V> T1 Solubility]

%M b Tt Solubility) "AH<O
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Solubllity ig

§ Effect of Pressure on Solubility

P b PR
ek b PR

% — Pr— Solubility?

10, 1, mal il

Henry’slaw :
Cy=k-Pg Cy: 0as 7 concentration
k : proportional constant
Pg : the partial pressure of the gas
over the solution.
At low to moderate P - gas solubility is directly proportional to P.

Ex 10-5: The solubility of pure nitrogen in blood at body temperature,
37°C, and one atmosphere is 6.2x10"M. If a diver breathes air
(X,,=0.78) at adepth where the total pressure is 2.50atm,

calculate the concentrating of nitrogen in his blood.

7



Ans:
Cy=k + P,
C, 6.2"10*
k = 9= " -62"10*M
P, 100 atm

PN2 = XN2 . Ptot =0.78 - 250 = 2.0 atm

[(N2] =Crnp=k * P Pt 6.2x10* : 1.00=x : 2.0
=6.2x10" x 2.0 X =1.2x10°M
=1.2x10°M

"Bends” -2
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§10-3 Colligative properties of nonelectrolytes

Colligative properties({#E¢ [ ET) :
Solution properties depend primary on the concentration
of solute particlesrather than their nature.
(AE T &) 2 ¢ vapor pressure Iowerlng ;&%n B [
osmotic pressure %%
boiling point elevation iﬂ%ﬁ =+
freezing point depression {—\F{aﬁ@ﬁ‘* 13

For nonelectrolytes :
[RJELH (< 1M) deviations ‘% few percent
ﬁfﬂ’%@ deviations ![Ji{&

§ Vapor pressure lowering

The vapor pressure of water over the solution is less than that of
pure water.

P, = X.P;° P, : vapor pressure of solvent over the solution
P.° : at same T > vapor pressure of pure solvent
X1 mole fraction of solvent



AP=(1- X;) P° AP : vapor lowering
=X, Py° X5 : mole fraction of solute

Ex10-6: A solution contains 82.0 g of glucose, CsH1,0s (MM=180.16g/moal),
in 322 g of water. Calculate the vapor pressure lowering at
25°C (vapor pressure of pure water, P°h.0 = 23.76 mmHgQ)

Ans :
AP = X2P10
82.0
n = 22~ —0.455m0l
CoHizOs 180.16
322
n = 22 —17.9mol
H20 18.02
0.455
X = ™ -00248
CeH2Os ™ 17 9+ 0.455
AP = XC6H1206 POH20
=0.0248 x 23.76
=0.589 mmHg

§ Boiling Point Elevation and Freezing Point Lowering
ATp=Tp-Tp° Aszkb m ﬁu%#[_#[—‘f:[
7+ kp=0.52C/m
AT=T¢-Ts ATi=ks * m \(E{f‘:—&{][%![:“ [
i/[lﬂ‘u‘ ks B4 I,EEP[ 7}‘ kf=1.860C/m

Ex10-7: An anti freeze solution (F/ijv]) is prepared containing 50.0 cm’
of ethylene glycol, C;HsO, (MM =62.07 g/mol, d =1.12
g/mL), in 50.0g of water. Calculate the freezing point of this
50-50 volume ratio mixture.

Ans:

Meo, = 50.0x 1.12 =56.0g

9



56.0

nC2H602 = w=0902mo|
_ ®rmolgy _ 0.902
= = =18.0m
Fkaly 500,
ATy = kf ‘m
=1.86 « 18.0=33.5C
Tf = Tof - ATf
=0-335
=-33.5C

§Osmoatic Pressure %375 Ex

VRS R (SO RiA
p = nvﬂ =M’ RT

Ex: 0.10M solution at 25°C "~ ¥ Osmotic Pressure
=M -R-T
=0.10 - 0.0821 - (25+273) = 2.4 atm

Ex 10-8: Calculate the osmotic pressure at 15°C of a solution prepared by

dissolving 50.0g of sugar, C1,H,204; in enough water to form
one liter of solution
Ans:

MM=12.01x12+1.008x22+16.00x11=342.3 g/mol
_ 500

n 3=0.146mo|
TEES
M = A ,Elrz 0.146 _ 0.146M
LB 1
n=M-R-T

=0.146 - 0.0821 - (15+273)
=345 am
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§ Determination of Molar Masses from Colligative Properties

Ex10-9: A laboratory experiment on colligative properties directs students to
determine the molar mass of an unknown solid. Each student
receives 1.00 g of solute, 225 mL of solvent and information that
may be pertinent to the unknown.

(@) Student A determines the freezing point of her solution to be
6.18°C. Sheistold that her solvent is cyclohexane, which has
density 0.779 g/mL, freezing point 6.50°C and k; = 20.2°C/m.

(b) Student B determines the osmotic pressure of his solution to be
0.846 atm at 25°C . He istold that his solvent is water (d= 1.00
b/mL) and that the density of the solution is also 1.00 g/mL.

Ans:

(@ DT, =T -T, =6.50-6.18=0.32°C

DT, =m~ Kk,

DT, 032 _ m = moles solute
K; 20.2 kg solvent

0.7799g
mL

=175g=0.175kg

Nyuwe =M Kgsolvent=0.016 " 0.175=2.8 " 10°° mol

MM, =~ =357=36" 10 g/mol
28~ 10
(b) p =MRT
m=P = OB _445u5moy = OIS Solute
RT 00821 298 L solution
Mgyuion — 1 +225=2260
226 g

solution — 7T Am o 226 mL =0.226 L
1.00 g/mL

Nowte =Maue ~ Viougon = 0.0346 © 0.226=7.82 " 10°° mol

Osmotic Pressure I VB ffii— 5 i AT, ~ AT; phiR VLA

!
Q ffi— |
7] : 0.0010M 7#1?7’\2(4& ; m = 0.024atm = 18mmHg
AT; = 1.86x10°C
ATp = 5.2x10%C

1



§ Colligative Properties of electrolytes

An electrolyte should have a greater effect on Colligative Properties
than those of a nonelectrolytes.

One mole glucose dissolves in water > one mole of solute molecules is

obtained.
One mole NaCl dissolves in water > two mole of solute ions is obtained.

One mole CaCl, dissolves in water > three mole of solute ions is obtained.

1.0M solution of glucose » NaCl and CaCl, at 25°C

Glucose NaCl CaCl,
AP 0.42mmHg 0.77/mmHg 1.3mmHg

Aszika'm
AsziXkb'm
n=ixM-RT

I : the number of moles of ions formed per mole of electrolyte

Ex10-10: Estimate the freezing points of 0.20m water solutions of
a). KN03 b) Cf(NOg)g

Ans:
a) KNOg(s) Y@ K* (e + NO, (eq)
I=2
ATs=2 ka -m

=2-186-020=0.74
Te =T°>-AT;=0-0.74=-0.74C

b) Cr(NG,), Y, ® Cr (o) +3NO; (eq)
i=4
ATi=4 ka -m
=4-1.86-0.20=15C
T;=-1.5TC

12



TABLE 10.2 Freezing Point Lowerings of Solutions

ATy Observed (“C) i (Calc from AT;)
Molality NaCl *  Mg50, MaCl Mg50.
00500 00182 0.0160 1.96 1.72
0.0000 0.0360) OZR5 1.94 1.53
{3,120 00714 (00534 1.92 | .44
00500 0176 0121 1.89 1.30
0,106 0348 0.225 1.87 121
0,200 0685 0418 1.84 1.12
1,500 1.68 0.095 1.81 1.07

i I:EPIF\' SRR b ranldd LRINANT IE‘ ﬁ?ﬁ“ﬂﬂmlﬂ
mT—> 1]
EIZRIENES,
L [0 o I ok 2 S S
2. 17~ pIEE A Ry EEC RN IRET VIREST s

Ex10-11: The freezing point of a 0.5m solution of oxalic acid, H,C,Oy4, in
water is-1.12°C . Which of the following equations best
represents what happen when oxalic acid dissolves in water

a) H,C,0,, ® H,C,0, i=1

4(s) 4(eq)
b) H,C,0, ® H e +HC,0, (e 1=2
C) H,C,0,y ® 2H @ +C,0," @ =3
Ans :
AT =T T
=0-(-1.12) = 1.12°C
AT = ka m
1.12=i-186- 05
=12 ->ffFir 1. a

| e A R T
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