Exam #1 Multiple Choice Answers
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Exam #1 Written Problem Solutions

13. Carbon tetrachloride, CCls, has a vapor pressure of 213 torr at 40 °C and 836 torr at 80 °C. What is the normal boiling point of CCl.?
Relating vapor pressures af diferent femperatures, [ = ] AH : .

need to use Clausius-Clapyeron equation:

R) RI\L T,
Don't know AHyzp, need  P,=2131om  T,=40"C=313K S
fo use data to calculate: P,=836tor  T,=80°C=353K —
AH
Flug-in values, solve for AHwp: In[ﬂﬂmrrj s [ LR J AH  =314x10* }/
g36torr,) 8314 /’ [k \353K 313K vap mol
Now with AHyas known, can N b s
calculate vapor pressure at Bl R Sl i L AH = 3.14=10¢ Jimol
new femperafure: P, =760 torr T,=72 o
1 1
P AH, ~3.368x107 = — ———
In| = |= w1 — l L 33K
R} RI\TL T, 1
. ] — =2.858x107°
IH[M] _ 3. 1410 /{ﬂﬂl [l—LJ T
760 torr 5_314}1/““_“ T, 313K T —350K = T769°C

14. Heptane (C;Hqe, 10021 g/mol) and octane (CsH:s, 114.23 g/mol) are constituents of gasoline. At 80 °C. the vapor pressure of heptane is
478 torr and the vapor pressure of octane is 175 torr. What is the mole fraction of heptane in @ mixture of heptane and octane that has a
vapor pressure of 305 torr at 80 *C7

Raoult’s law describes the vapor pressure 5 -
of & mixture of volatile components: Row =X hepmﬂepme"‘ Hocknd netis

Definition of mole fraction:
Ihenl:ru-+f:|u;r.-=1 Iﬂﬁmz=1_fh=plzn-

substitute info first expresamn and sofve for mate fraction of hepfamne:
'I:tllutii afhepqulime + H Ah sotane FMmE
III:':utii a{!hepmﬂepime + P-:tme th:utmepttme

'I:tllutii E::u:m-e- -f['rhq:um-al:\Fl":qltmE Flllurlzmne-i
. _ Rou—PRame _ 305torr—175torr
VARRIRE B e Prame 428 torr—175torr

15. The smell of ripe raspberries is due to 4-(p-hydroxyphenyl)-2-butanone, which has the empirical formula CsH: 0. To find its
molecular formula, you dissolve 0.135 g in 25.0 g chloroform, CHCI.. The boiling point of the solution is 61.82 *C. What is the

<0514

molecular formula of the solute? (normal boiling point for CHCL, = 61.70 °C; K; = 3.63 °C/im) a
Relationship for botling point elevation:
AT, =K, m -
Can solve for molalify to get eventually to molecular weighifomula, 4-{phydraxyphenylh-2-butancna
AT 61.82°C—-81.70°C Chemical Formula: CygH, ;0
=t . =0.03305 m raspberrysmell Exncl Mass: 16408
K, (1(3.63°C/m) Molecular Welght: 154.20
. » ) , iz 164.08 (100.0%), 165.09 {10.8%}
Use molality as a conversion factor to get to mol raspberry smeil Elernental Analysis: C, 73.16; H, 7.37: O, 18.48
1K 0.03305 mol raspb smell
35.09 CHCI, x—3_x PREITYSITET _ 8 264107 mol raspberry smell
10009 1kg CHCI, Ta find molecular formuifa from empirical formuia,
Relationship for molar mass: figure out ratio between them:
0.135graspb smell = =
M = q 5 ? poemy _163.55 a/'mol MM of C.HO=3(12)+6(1)+1(16)=062 g/mol
mol  8.264=10" mol raspberrysmell Actual MM is twice, 50 muitiple CHO
empinical formula by 2:




16. For the vaporization of benzene at its normal boiling peint, AH,, = 30.8 K)/mel and A5, = 7.2 /mol-K. Does 1 mol benzene evaporate
spontaneously in a beaker heated to 100 *C? Calkulate ASyny 10 jUSTIY yOUr aNSWer.

for a spontanecus process: AS . = ﬂlﬁm +AS, >0

uriy

benzene = system; beaker = sumounadings: Assume from First Law of Thermodynamics:
:15”"." = ﬂ.s'hmmm + ﬂl.Shﬂﬁ qll:lﬂl..tulu == _qll:ﬂi.u
: Again, benzene is undergaing a phase change,
for melting phase change: _
ﬂSL fAS lIJll:lzu..'.l:ru: ok lr':rﬂ";_"-'.'aq:l
i~ gt . W -EI'}
Sl::'_. ’ QbH'I.EH'IE = _nﬁ'H'n.'zu
A3y = ﬁﬂsw + Ay e Substituting info expression for ASunn,
nAH
= AS Qesker ﬂ'Suui'n.' = nﬂsrq:l = -
bedker i Tt
S Plug-in values, .
T .
hen, . S (1molf30.8x10° /' | ——
ﬂ"Eu"i-.. = H&S“u + ovesker .-'_"'LSu"h. = 1 mol E?E /".ml K ITIK -2 4 63 /ﬁ:
(== R

ASuna = 0 50 yes benzene does evaporale spontaneously at 100 °C

17. A rocket fuel would be useless if its oxidation were not spontaneous. Although rockets operate under conditions that are far from
standard, an initial estimation of the potential of a rocket fuel might assess whether its oxidation at the high temperatures reached in a
rocket is spontaneous. A chemist exploring potential fuels for use in space considered using vaporized aluminum chloride in a reaction
for which the unbalanced equation is:

Substance AGr®(kJimaol)
AlCI(g) —467
4 AlCIs(g) + 904(g) — 2 ALOs(5) + 12 CIO(g) 0:A0) 0
Al:O4(E) —1034
ClO{g) 5

Balance the equation, then use the data provided in the table (which are for 2000 K to decide whether the fuel is worth further
investigating. Explain your decision.
Need to calculate AGrr AG = EH-&GHDI’BHUE[S}—EH-&G: (reactants)

kd ) (e 1 )] 3
AG_ = (Emnl_f—m}#— |+(12 mot | Tﬁ—] - {4rm|(—4ﬁ?’— +0|F+700kJ
\ mol / . mol /] mol ,

A reaction that has AGrn that has such a large pasitive value i3
extremely unfavored thermodynamically. This particidar reaction is
nonspontaneous at 2000 K, so another reaction perhaps wouwld be
bhetter expiored.



