ved solute to crystallize
)lve are equal, what two
prevail? (d) The solution
{ its temperature rises.
lier principle and deter-
ssolving or crystallizing,
e rise in temperature.
bility of a solute with a
olution ordinarily influ-
temperature of its solu-
i2n

solution of lithium chlo-
at of solution (Table 13-3)
. (@) Of the two solution
g and crystallizing, which
vhich is exothermic? (b) As
s and solution concentra-
at change occurs in the
re? (c) When the rates for
crystallize and crystals to
what two solution condi-
he solution is now heated
we rises. Apply the Le
* and determine which
crystallizing, is increased
perature. (e) How is the

te with a negative heat of

1 by a rise in temperature
A2c, A2g, A2n

CH30H, and water are
portions. When 1 mole of
i mixed with 10 moles of
t heat of solution is found
t) Is the formation of solu-
by an increase or decrease

the argument upon which -

sed.) (b) Does the change

i€ separate components or

{s the dissalving process
othermic? justify your an-
e energy change as indi-
1 of the heat of solution

Grour A - :
1. What mass in grams of sucrose, C;2H»On,
must be dissolved in 2000 g of water to yield
a 0.106-m solution?  A20, Bl
7. What quantity of ethanol, C;HsOH, is re-
quired to prepare a 0.225-m solution in 250g
of water? A20, Bl
3. Determine the molality of a solution con-
taining 42.0 g of glycerol, C3Hs(OH)s, in
750 g of water.  A20, Bl
4. A solution of glucose, C¢H;zO, is prepared
by dissolving 8.50 g of the glucose in 400 gof
water. What is the molality?  A20, Bl
5. A solution contains 85.0 g of methanol,
CH,OH, in 3000 g of water. Calculate the
molality of the solution.  A20, Bl
6. Determine the molality of a solution con-
taininig 1.50 g of I (solute) in 450 g of CCly
(solvent).  A20, Bl
7. How many grams of water must be added
to 45.0 g of glucose, CsH1206, to form a
0.250-m solution?  A20, Bl

i
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8. A 0.400-m solution of naphthalene, C,oHs,
in benzene, C¢Hg, is required. If 30.0 g of
naphthalene is available, how many grams
of benzene must be used?  A20, Bl

9. What is the molality of a solution that con-
tains 25.0 g of ethylene glycol, C;Hy(OH),,
in 100 g of water?  A20, Bl .

10. What is the freezing point of 250.0 g of water
containing 12.5 g of a nonelectrolyte that
has a molecular weight of 180? B2

11. A solution consists of 15 g sucrose,
C12H2,041, in 250 g of water. E._.T: is the
freezing point of the water? B2,

12. What is the boiling point of the solution

described in Problem 11?7 B2

A solution of iodine in benzene is.found to

have a freezing point of 4.1 °C. What is the

molality of the solution?  A20, B1, B2

14. A sucrose-in-water solution raises the boil-
ing point of the solvent to HS.S.__,WG at stan-
dard pressure. Determine the molality of
the solution.  A20, B1, B2 .

-

it

A

Grour B

15. A compound contains: carbon, 40.00%; hy-
drogen, 6.67%; oxygen, 53.33%. Tests show
that 18.0 g of the compound dissolved in
1.00 kg of water raises the boiling point of
the water 0.051 C°. (a) Determine the empir-
ical formula. (b) Determine its molecular
weight. (c) What is the molecular formula?
B2,

16. The analysis of a compound yields: carbon,
32.0%; hydrogen, 4.0%; oxygen, 64.0%. Itis
found that 12.0 g of the compound added to
800 g of water lowers the freezing point of
the water 0.186 C°. (a) Determine the empir-

ical formula. (b) Determine the ‘molecular
weight. (c) What is the molecular formula?
B2, B3 i

17. By analysis, a compound consists of: car-
bon, 30.3%; hydrogen, 1.7%; bromine, 68%.
The substance is soluble in benzene and
15.0 g of it lowers the freezing point of
150.0 g of benzene 2.1 C°. (a) What is the
empirical formula of the solute? (b) Deter-
mine its molecular weight. (c) What is the

- molecular formula? B2, B3

18. Calculate the freezing point of an aqueous
solution that boils at 100.46 °C at SP.  BI,
B2, B3
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bu:w = 0.36 C°

The depression of the freezing point of water has been cal-
culated for a 1-molal solution of any molecular solute in water. It
has the constant value of 1.86 C°. This freezing-point depression for
a 3-molal water solution is called the molal freezing-point constant,
K, for water. 1t is 1.86 C*/molal. Since

moles solute

olalsty = kg solvent

. . g
K has the dimensions ——r solute/kg solvent’

ing-point constant for water is

K= 1.86 C°

The molal freez-

= 1.86 C°
molal ~ mole solute/kg H,0

According to this value of K;, a molecular solute added to 1 kg
of water should lower the freezing point 1.86 C° per mole of
solute dissolved. However, this relation holds experimentally
only for dilute solutions. Even a 1-molal solution is concentrated
enough so that the freezing-point depression is somewhat less
than 1.86 C°.. All solvents have their own characteristic molal
freezing-point constants. The values of K for some common sol-
vents are given in Table 13-5.

The depression of the freezing point of the solventina dilute
solution of a molecular solute is directly proportional to the molal

gtk

o R T TR

g

=

L

Solvent Molal fp. , Normal Molal b.p.
constant, K; "L obp. constant, Ky,
(C®/molal) m Q) (Cfmolal)
acetic acid 16.6 3.90 w 118.5 3.07
acetone ~94.8 _ w 56.00 1.71
aniline _ -6.1 5.87 m 184.4 3.22
benzene 5.48 512 s 80.15 2.53
carbon disulfide -111.5 3.80 L 46.3 2.34
carbon tetrachloride -22.96 o 76.50 5.03
ethanol -114.5 - © 78.26 1.22
ether - -116.3 1.79 oo 3442 2.02
naphthalene . 80.2 5 69 w 218.0 m‘m_m
phenol 40.9 7.27 | 1818 3.56
water 0.00 1.86 ; 100.0
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