Chemistry2720Fall 2001 Test2 Solutions

1. Thewavelengthof the neutronamustbe
2dsin®@ _ 2(1.8A)sin(10°)

A= = = 0.625A.
n 1
Themomentunof the neutrongs therefore
34
o= h _ 6.6260688 x 10—°*J/Hz 106 10‘23kgm/s

A 0.625x 10-10m

Thespeeds
_p_ 106x102%kgm/s
V=T 167492716x 10 27kg _ 0o20M/S

Thekineticenepy is therefore

1 1
K= émv2 = 5(1.67492716 1072"kg)(6328m/s)? = 3.35x 10720,

2. (a) Thereactionis
3UFg(g) +405(g)U30g(s) + 9F(g)-

For thisreaction,
AG” = AG?(U308)_3AG?(UF6)
= —33695-3(—20291)
(

s - o 25

kJ/mol=27178kJ/mol.

= 2717.8kJ/mol+ (8.314472x 10 3kJK *mol1)(29815K)In (
= 25283kJ/mol.

SinceAG > 0, the processs nonspontaneous.

(b) Goodcandidatesvould eitherproducethereactanbxygenor remove the productfluo-
rine. Sincefluorineis a strongoxidizing agent,ts reactionwith agoodreducingagent
might be sufliciently spontaneout make the desiredcorversiongo. Sinceoxygenis
necessarihalsopresentwe have to choosea reactantvhich isn’t oxidizedtoo fastin
air. Onepossibilitywould beto try addingmetalshavingsto thereactionchamberFor
instancewe couldtry to addaluminiumshavings. Aluminium is passvatedby a thin
oxidelayerin air, but it mightstill reactwith fluorineaccordingo

3
Al () + EFz(g) — A|F3(S).



3. Thereactionis

. -2 _
NIC|2(S) — Nl(;_q) + 2C|(aq).

For thisreaction,
AG® = AGY e+ + 208G ¢y — AGqicy)

= —46+2(—131218) — (—259.03) kJ/mol= —49kJ/mol.
LK = e~0G°/(RT)

. 49000J/mol
= P (8.314472JK—1mol-1)(298 15K)
= 452x10°.

Supposghatthesolubility is s. Thenthe concentratiorf Ni2* is s andthe concentratiorof
Cl~ ionsis 2s. Accordingly,

K = s(29)2=4s.
-S = (452x10%)/4=1.13x 10
.S = 483mol/L

(sincethestandaratoncentrations 1 mol/L). Thisis anenormouwalue clearlymuchhigher
thanthe solubility could possiblybe. (The mole densityof wateris only about55mol/L.)
Thismeanghatnickel chlorideis extremelysolublein watet

4. Thereactionis
2N02(g) = N204(g).

Notethattheresultswhichfollow dependn exactly how youwrote down thereaction.The
equilibriumconstantanbe calculatedrom the pressureby

aN,04 I:)N204/F)O

= @02~ (Puoy/P)2

Thus

23Torr/750062Torr 8.15

Kogg = =38.
298~ (46Torr/750062Torr)2

and
Kae — 30Torr/750062Torr
3057 (68Torr/750062Torn2

Thestandardreeenegy of reactioncanbe calculateddirectly from Kogg:

AG® = —RTInK
= —(8.314472JK tmol~1)(298K)In(8.15)
—5.20kJ/mol.

2



Thestandareenthalpy of reactioncanbefoundfrom thevariationof theequilibriumconstant
with temperature:

— RIn(K1/Kz2)

1 1
T T
_ (8.314472)K'mol1)In(8.15/4.87)
1 1
305K 298K
= —5559kJ/mol.

- (3

primitive
unit cell ‘ ‘ ‘

primitive unit cell

(b) We startby draving somex andy axeswhichfollow themajorcrystallographi@axes:



The x interceptis 1 (in units of the unit cell length)andthey interceptis —2. The
reciprocalsof thesenumbersare 1 and—%. We multiply both of thesevaluesby 2 to
getintegers.TheMiller index of this planeis therefore(21).



