CHEMISTRY S1403 SECOND EXAM 6/17/99
PROFESSOR J. MORROW

PRINT NAME, LAST:

FIRST:

[.D#:

MAXIMUM POINT VALUE ISIN PARENTHESES

1. __ (10 7. (10) 1B (19

2. (12 8 (10) 4. (10)
3. (20 9 5 15 (4

4. (10) 10. ___ (10) 6. @

5. (10) 1. (10) 17 (10)
6. (10) 2 (8

COLUMN TOTALS (MAXIMUM):

(2 (33 _ #®
EXAM TOTAL (147 pts)
OUT OF 100

NO PARTIAL CREDIT on any question except where indicated
by the statement SHOW WORK.
CHECK FRONT BLACKBOARD FOR CORRECTIONS/CHANGES.
SUGGESTION: DO THE SIMPLER PROBLEMS FIRST.
IF ANY PART OF EXAM ISNOT CLEAR - ASK PROCTORS ABOUT IT!

EQUATIONS, CONSTANTS AND CONVERSION FACTORS ARE ON THE PAGES
FOLLOWING THE SCRAP WORK SHEETS. FEEL FREE TO TEAR THESE PAGES OFF.



1) Given thefollowing thermochemical reactions and their OH;° values;
(10 pts)

1) 3Cg + 3Fyy ——> Cafgg [OH,°=-1080 kJ
2) 6Cg+2Hyy + 3Fpg —> CeHsFg  OHL® =-150kJ
3) sHyg *+ 5Fyg —> HF OHL =-274 K
Cdculate UH,,, for, (SHOW WORK)

2C3F6 + 8H2 ‘: C6H5F + 11 HF
i) -2078kJ i) -1004 kJ i) -4028kJ  iv) -1148 kJ

ANSWER IS:

2) Consider the the following equilibrium reaction at 25°C. (12 points)
3 H|(| ) + Nz(g) NH3(g) + N|3(S) OH = +20.0 kJ

In which direction will the reaction (originally at equilibrium) shift
(to the LEFT, to the RIGHT, or remain UNCHANGED), if

a) A catayst isadded. ANSWER IS

b) Thevolumeis decreased. (Think of the container as a piston.)
ANSWER IS

C) Thetemperaureis lowered. ANSWER IS

d) Thetota pressureisincreased by adding helium.

ANSWER IS

€) Some N, isadded. ANSWER IS

f) Some HI isremoved. ANSWERIS:



3) A bdloon filled with hdium hasavolume of 875 L a STP. The

temperature of the balloon isincreased to 38°C, and it expands to
avolume of 998 L with the pressure remaining congtant. Cdculate

g, w, UE, and JH for the hdium inthe baloon. (C,, ,,= 12.5 KJ | )
1 .mo
SHOW WORK

(5pts) For g, ANSWERIS.
(5pts For W, ANSWERIS:
(5pts) For OE,ANSWERIS.
(5pts) For OH, ANSWERIS:

THE FOLLOWING IN FORMATION ISFOR USE IN PROBLEMS 4, 5, AND 6.

Given the following sstup:

piston

semipermeable

membrane

H, O

Y ou have a tube with a semipermesable membrane. It is inserted into a beaker containing pure water.
The tube contains asolution, S, which has 18.0 g/L of an unknown solute which does not dissociate.
The osmotic pressure of this solution is 1871 torr at 300 K . The volume of this solution is 100.0

mL and its density is 1.00 L .

4) Cdculate the molar mass of thisunknown solute. 10 pts

ANSWER IS



5) The piston (shown in the drawing) now exerts adownward
pressure of 3742 torr on the solution Wheat is the find molarity
of thissolution when equilibrium is established (with 6 = 3742 torr)?

This process is called REVERSE OSMOLYSISSINCE WATER GOES THROUGH THE
MEMBRANE BACK INTO THE BEAKER. 10 pts

ANSWER IS

6) Assumethat after the process of reverse osmolysis the
solution density was 1.10-2- . Calculate the weight of water
forced back into the beaker of pure water. SHOW WORK 10 pts

i) 50.0¢g i) 45.0¢9 i) 4829 iv) 47.0¢g

ANSWER IS

THE FOLLOWING INFORMATION IS FOR PROBLEMS 7, 8 AND 9.
Two moles of argon (an idedl gas) are confined in a container of

volume 11.20 L a 300 K. The piston then undergoes an adiabatic
expangon againg a congtant externd pressure of one (1) atmosphere.

After reeching the find volume, the temperature in the piston

is T, (=?) and the work done by the pistonis, W = -2494 J.

J
=1247 —
(Cv,m K-mol )
7) Thefind volume of the gas (in liters) is 10pts (SHOW WORK)

) 35.8 i) 23.5 iii) 22.4 iv) 31.7

ANSWER IS
8) Determinethefind temperature, T, , for this process. 10 pts



ANSWER IS

9) Cdculate [JH (in Joules) for thisprocess. R = 8.31$ . 5pts

ANSWER IS

10) GIVEN: Bond enthalpies (k¥moal): B=N (511); N-N (163); N-B (212);
N-H (388); N-Cl (381); B-H (551); C-Cl (243); B-Cl (349)

Using the above table of bond enthalpies, calculate the heat of reaction,
OHyn, for the gaseous reaction, (SHOW WORK) 10 pts

Cl H
Cl \ /H \B: N/
2 B= N\ > H/ \ /H + ClI 2
/ B= N
H (o] / AN
H Cl
ANSWER IS

11) Given the following gaseous reactions.

—

1. 3HF + C3H4F2 C3HF5 + 3 H2 Kl



2. F, + C3HF5

C3F6 + HF K2

3. 2 C3F6 + 6 H2 C6H6F6 + 6 HF K3

Cdculate the equilibrium constant K, (for reaction 4) interms of Kj,
K2, and K3 . 10 pts

4. 2 F2 + 2C3H4F2 = C6H6F6 + 2HF K4
K K K K

a) 23 b > 2 ¢ 23 2 d) 23 2
Kl KZ KlKZ K1 K2 K1 K2

K,%K K, K

2., 2 1°*3 2 13

e) K,°K,K, f) K 2 9 KKK h) K.2

2 2

ANSWER IS

THE FOLLOWING INFORMATION IS FOR PROBLEMS 12, 13, AND 14.

Given the following gaseous reaction:

C;H, + 6Cl,

> (Clg + 4HCI
The two reactants (1 mol of each) are each a STPin avolume of 22.4 L.

12) The reaction proceeds until thetotal pressure, Py, is 1.80 am. At this
total equilibrium pressure @l four compounds (both reactants and both
products) are present.

Molar masses. C;H, (40.0) ; Cl, (71.0) ; C,Clg(320.0) ; HCI (36.5)
Cdculate the dendity of the initid (Sarting) mixture. 8pts

ANSWER IS
13) Cdculatethe partia pressuresof C;H, , Cl, , CClg, and HCl a
the total equilibrium pressure of 1.80 atm. 14 pts
SET UP THE EQUATIONS BELOW (6 pts) THAT WILL ALLOW YOU TO SOLVE FOR THE

PRESSURES. DO THE CALCULATIONS ON SCRAP PAPER AND INSERT NUMERICAL
ANSWERSWHERE INDICATED BELOW!



For C3H4 , P= (2 pts) For Cl,, P= (2 pts)
For CClg, P= @epty For HCl, P= @2pts)

14) The equilibrium expression for Kpgm) where Py isthetotal
pressure a equilibriumis;, 10 pts

_ (1-0.5Py)(4-2Pp)* ) (1-O.5P)(2-Py)*
) (05 @EP5) 0 (05P)(3P5)°
i (2-0.5Py)(4-2P1)* ) (1-0O.5P)(4-2P1)*
1l v
(0.5P;)(3P1-5)° (Pr)(2Pr-5)°
ANSWER IS
15) In thefollowing group of three molecules, predict their rdletive
normal bailing paints GeCl, , AsCl, , and SnCl, .
Molar masses. GeCl, (214) ; AsCl, (181) ; SnCl, (260)
i) GeCl, > AsCl; > SnCl, ii) AsCl; > SnCl,> GeCl,
iii) AsCl;> GeCl, > SnCl, iv) GeCl, > SnCl, > AsCl,

(4pts ANSWERIS

16) Ineach of thefollowing pairs of covaent molecules, CIRCLE the
one with the higher norma boiling point. (2 pts each)

) CH4CH,CH,CH,SH or (CH,),CHCH,CH,SH

i) HOCH,CH,CN or HOCH,CH,OH
17) 40.0 g of ice at OoC are mixed with 40.0 g of liquid (water) at O°C and
an unknown mass of liquid (water) at 75°C. At equilibrium the fina



temperature of the entire system is 10°C. Cdculate the starting mass

of liquid at 75°C. 10pts (SHOW EQUATIONS USED WITH NUMBERS
SUBSTITUTED BUT DO THE CALCULATIONS ON SCRAP PAPER)

GIVEN: specific heat of liquid = 4.189%@ ; heat of fusion = 3333 .

)15.09 i) 7519 i)25.5g iv) 61.3g v)30.2 ¢

ANSWERIS:



SCRAP WORK



SCRAP WORK

10



SCRAP WORK

11
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13.

14.

15.

16.

17.

18.

1amp

CONVERSON FACTORS and POTENTIALLY USEFUL EQUATIONS

L-atm

R=8314 = 0.0821

J
1L-am=1013J (or, thereael0l3 — )
L-atm
Na = 6022 x 1023

\%
W =-nRT In V—2 (reversible work)
1
W=-P, 0V (constant pressure work)

OG=0H-TOS

OGP =0OHO-TOP
_ On

Kp = K(RT)

0GP=-RT InK

OH=qo=nCpmdT  OE=q,=nCyndT Cp,m = Gym* R (forided gases)

For liquidsand solids C=Cy=Cp ad \ OH=0E =q = nCOT

H=E+ PV OH = OE + O®PV) = OE + O@MRT) = OE + nROT
_OH _ %

0S=45" =73

0GY% - OGO
(0G% D:_Ds)

) Clausius-Clapeyron Equation

OGO =-nFEP and [0OG=-nFE
1 Faraday ( F) = 96500 Coulombs
Q=Ix wherel =current, and t = time (in seconds)

UNIT RELATIONSHIPS

=1 %S:cmb 1 Coulomb = 1 amp-sec

L due=159 = 1N = 1voltcodams

sec?

12



