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1.For a mixture prepared by combining 200.0 mL of nitrobenzene and 1.00 L of water.
a.Calculate the mole fraction of each compound in the mixture

Volume

\% =200.0-mL

nitrobenzene *
Vv water = 1.00-L

Density

= 1.2037-gm-mL'l

" nitrobenzene *

=0.998203-gm'mL™*

" water *
Mass
MaSS pitrobenzene *= V nitrobenzene" nitrobenzene
MaSS itrobenzene = 240-74°gM

MasSyater =V water T water

mass yater = 998.203 °gm

W

Molecular Mass and Moles

-1
MW pitrobenzene = (6:12.0107 + 5:1.00794 + 14.00674+ 2:15.9994) gm-mole

MW = 123.109 mol_logm

nitrobenzene

__Ma&SS pitrobenzene

mole ; =
nitrobenzene MW

nitrobenzene

mole = 1.955*mol

nitrobenzene
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MW |y ater = (2:1.00794 + 15.9994) -gm-mole *

MW |, ater = 18.015 ogm-mole'l

mass water

mOIewater =

MW \yater
m°|ewater = 55.409°mol

Mole Fraction

mole itrohenzene

X =
nitrobenzene mole

X = 0.034

nitrobenzene

« _ moleWater
water mole

nitrobenzene+ MOI€ \yater

X \ater = 0-966

W

b.Calculate the vapor pressure of each compound in the mixture

P =55.1-Pa

nitrobenzene_pure

P P

nitrobenzene_mixture *=

P = 1.878°Pa

nitrobenzene mixture

Pwar[er pure :=3167-Pa

Pwater_mixture = Pwater_pureX water

_ 3
Pwater_ml Xture - 3059' 10 °Pa

c.Calculate the total vapor pressure of the mixture

Ptotal ‘=P nitrobenzene mixturet Pwater_ mixture

_ 3
PtOta| - 3061'10 °Pa

nitrobenzene+ MOI€ \yater

nitrobenzene_pure’™ nitrobenzene
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2.For a mixture prepared by mixing 5.00 g of caffeine (C8H10N402) with 250.0 mL of water. The
final density of the mixture is 1.05 g mL"1,

Mass ffeine -= 5-00-gm

MW fteine = (8:12.0107 + 10-1.00794 + 4-14.00674 + 2:15.9994) gmmole

-1
MW feine = 194.191 .gm mole

MaSS 5ffeine

mole .=
caffeine
MW coffeine

mole caffeine = 0.026esmol

V ater :=250.0-mL

W

-1
I water = 0-998°gm-mL

mass =V

water water T water

mass  qter = 0.25°Kg

o -1
I solution = 1.05-gm-mL
Y . TS \yater + MSS coffeine
solution ™~
I solution
V solution =0.242-L
MOIe caffeine _1
M solution = v . M oiution = 0-106°mole-L
solution
o Mole cfeine 1
SOIUtON ™ oS vwater M goiution = 0-103°Mol kg
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a.Calculate the boiling point of this mixture

Kp :=O.512-K-kg-mo|e'l

DT b =M giution’K b
DT |, = 0.053K

T, pure =37315K

Th mixture’=T b_puret T b

T b_mixture = 373.203*K

b.Calculate the vapor pressure of this mixture

mass water

mOIewater =

MW \yater

m°|ewater = 13.852*mol

mole water

X =
water
mole y aer + MOI€ coffeine

X \ater = 0-998

W

P X P

mixture =~ water '~ water_pure

3

P = 3.161-10" °Pa

mixture

c.Calculate the freezing point of this mixture

K¢ ::1.86-K-kg-mole'l

DT ¢:=Mgyiution’K f
DT ¢ = 0.192+K

T¢ pure’=273.15K

Tt mixture’= T f_pure= DT ¢

T f_mixture = 272.958<K
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d.Calculate the osmotic pressure of this mixture at 25 C.

R :=8.314510-joule-K Lmoe?t
T:=(273.15+ 25) K

P =M gjutionR'T

P =2.633-10° Pa

3.For a mixture prepared by mixing 10.0 g of sodium sulfate in 250 mL of water. The final
density of the mixture is 1.10 g mL"1,

MasS ghdium_sulfate = 10-0-9M
-1
MW sodium sulfate'= (2:22.989770 + 32.066 + 4:15.9994)-gm-mole

MaSS ghdium_sulfate

MW sodium_sulfate

mole sngium sulfate'=

mole gngium sulfate = 0-07emol

mass  qter = 0.25°Kg
=1.10 Lt
I solution *= +-+Y"gmM'm
Y _ MaSS ey + MBS ggium_sulfate
solution '~
I solution
Vv solution = 0.236°L
3-mole ghgium_sulfate
- B _ . -1
M solution = v . M oiution = 0-895°mole-L
solution
Mo 3:mole soium_sulfate .
solution MasS gper M giution = 0-846°Mol -kg

NOTE: Multiply moles by 3, because sodium sulfate is a salt that dissociates into
three ions (Na,SO, -> 2Na'* + SO,% ) in water
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a.Calculate the boiling point of this mixture

Kp :=O.512-K-kg-mo|e'l

DT b =M giution’K b
DT |, = 0.433K

T b_pure '=373.15K

Th mixture’=T b_puret T b

T b_mixture = 373.583+K

b.Calculate the vapor pressure of this mixture

mass water

mOIewater =

MW \yater

m°|ewater = 13.852*mol

moleWater

X =
water
mole ater + MO ghium_sulfate

X \ater = 0-995

W

P X P

mixture =~ water '~ water_pure

3

P = 3.151-10" °Pa

mixture

c.Calculate the freezing point of this mixture

K¢ ::1.86-K-kg-mole'l

DT ¢:=Mgyiution’K f
DT ¢ = 1.574+K

T¢ pure’=273.15K

Tt mixture’= Tf_pure= DT ¢

T mixture = 271.576+K
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d.Calculate the osmotic pressure of this mixture at 25 C.

R :=8.314510-joule-K Lmoe?t
T:=(273.15+ 25) K

P =M gjutionR'T

p =2219.10° +Pa

4.You are examining forensics data for a court case and need to identify an anelgesic (pain killer). It
could be either acetylsalicylic acid (asprin), ibuprofen (advil) or acetaminophen (tylenol). A mixture of
the unknown is prepared by mixing 10.0 grams of unknown and diluting to 250 mL with ethanol. The
density of this solution is 0.80 g mL-1. Identify the unknown based upon the following:

a.The boiling point of this mixture is 78.8 °C.

b.The osmotic pressure of this mixture is 480 Pa at 25 °C.

Boiling Point Elevation:

BP gihanol = (273.15+ 78.5) K

BP mixture = (273.15+ 78.8) K
DT :=BP rixture— BP ethanol o7 - 0aK
DT=m-K

Kp:= 1.22-K-kg-mo|e'l

il = 0.246°mobkg” !

M mixture = —— M mixture
Kb
. -1 Ao
mass iture -~ 290-mL-0.80-gm-mL mass ixture = 0-2°kg
mass nknown -= 10.0-gm
Mass gl yent *= MESS mixture = MESS ynknown
mole | ninown = M mixture ™SS golvent mole nnown = 0-047smol
mass
MW {rierionm = unknown
mole
unknown
_ . -1
MW nknown = 214.035 egm-mole
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Osmotic Pressure:
P :=480400-Pa
T:=(273.15+ 25) K

R :=8.31415-j0ule-K'l-moIe'l

P=CRT
P
C =
unknown "~ o
c - 193.798°m °~mol
unknown ~ :
_ ernobliter L
C unknown = 0.194emobliter
V' mixture = 250-mL
mole nknown = € unknown'Y mixture
mole unknown = 0.048+mol
mass
MW {rierionm = unknown
le
MOl ynknown
- . -1
MW nknown = 206.4°gm-mole



