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a—i a—ii b-i b-ii A4 2 7.8%
4 4 6 1 20
a. Wz S, ol dEM, EMA F1N(Trans Effect).
i.
Cl Br Br Cl py Br
/ \Pt/ \Pt/
H 2 27
py NH, py NH; Cl NH;
iii.
cis-O| 4 & X
cis-isomer:
c ci NH. |Cl C No, [er Mo,
\Pt/ == \Pl/ = \Pt/ 2
7 X N P
o] cl Cl NH; Cl NH;
trans-O| A &I X
2 P -
Cl Cl NO,~ | Cl NH3 HaN Cl
\Pt/ — \Pt/ — \F't/
o 7\ N,
Cl Cl Cl NO, Cl NO,
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[Y] = [pyridine] (moles/liter)
Figure 13-2, Verification of the rate law &, . = k, + &fpyrdine]
for the reaction of Pt{bipy)Cl, with pyridine to give Pi(bipy){py)CI*.

Data taken from L. Cattalini, A. Orio, and A. Doni, norg. Chem.. 5.
1517 (19686).

ky=5.8x107s'M"
ks=0s" (allow small range of values, = 0.2 x 10'3)
6 points
1 point for each unit
1 point for each number
2 points for method
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a) Amount of Pt used = (1.0 x 10™ mol/1000 mL
This is equivalent to 2.0 x 107 g Pt

b) (90 groups/nanoparticle)(0.98 Pt bound com

= 88 Pt complexes/nanoparticle or 88 Pt ato

¢)  1.0x 107 mol Ptis equivalent to 6.0 x 10" F

d) (6.0 x 10" Pratoms)(1 nanoparticle/88 Pt at
e) Size of gold nanoparticles:

Radius = 6.5 x 10”7 cm and volume of gold e=12x10"cm’

Mass of gold nanoparticle = 2.3 x 10 '

Amount of gold in a nanoparticle = 1.2

Atoms of gold in a nanoparticle = 7.1 x 10%

f) Mass of gold:
Total number of gold atoms = (6.8 x 10" pa
=4.8x 10" atoms of gold

Equivalent to 1.5 x 107 g gold
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Muitiplying the mass action laws for the four given reactions produces:

Mo0;~ (H,$)* 1x1077(1x107%)*

MoSZ™ MoSZ™

[MoSZ]=  7x10"

3 pts for correct MoS,* answer;: 1 pt correct units

= 1.4% 10720
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MoS.® concentration is determined nyabsomnas

0,365 = (11870)(10.0)(MoS*). 4 pt

From conservation of Mo, _
(Mo0S3%) + (MoO;S;") = MOrow— (MoS4”) = 6.0%

By rearrangement,
(M00:S,%) = 2.9%10° - (MoOSs*)

ISTALT N ——
0.213 =(120)(10.0)(3.08%10°)+ (9030)(10.0)(MoOS

0.213 = (120)(10.0)(3.08x10°°)+ (9030, 0)(10.0)(MoOS 2
(MoOS5Y))
(MoOSs%) = 2.0x10° M _ 4 pt
(M00,S,%) = 2.9x10° - (MoOSs*) = 0.9x10° M
(Mo0.S%) =0.9x10°M  4pt
-_______'_-——-——
2.0 Xl

Mass balance for Mo:

2,0%107 = (MoS,*) + (MoOSs™) + (M0O,8,™) + (M
Mass balance for S:

8.0%107 = 4(MoS2) + 3(MoOS:?) + 2(MoO;S2) + (MoOsS
Equilibrium constants:

1.3x10°* = (MoOSs*)(H,S)/(MoS,™)
1.0x10° = (M00,S,7)(H2S)/(MoOS;*)
1.6%10° = (MoO3S%)(H,S)/(MoO;S,”)
6.5x10° = (MoO,*)(H,S)/(Mo0,S%)
0.5pteach=2
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2.0x107 = (MoO;5%) + (MoO4?)
8.0x107 = (MoO;S8%) + (H,S)

Subtracting the first from the second and rearranging give:
(MoO.2) = (H,S) - 6.0x107

Likewise, the S mass balance can be rearranged,
(M00;S%) = 8.0%107 — (H,S)

Employing the equilibrium o_onstang for the reaction involvir
(Mo05™)(H;S) _ [(H,S) -

-6 = — 25/

65%10% = =S =

Rearrangement and solution by the quadratic formula give
gives the remaining concentrations. )

H,S __7.8%x107 M _ MoO,* _1.8x10" M = E2AX10°M__

Mo0;S;* ___1.0x10°M  MoOSs* __8.1x10"" M_
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OQQ ------ O--Q-C-)Q
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b.
sin 0
d=(1)(154.2 pm
d=1187

+8 for calculating d; 6/8 if student uses 0 in radians and

negative distance); 6/8 if uses 20 instead of 0.
+6 for correctly assigning @ and ¢

14 pts total

Munitcent = (1/NA)(88.91 + 2x137.33 -
Muni cel = (662.22 g/mol)/(6.0221
Density = (1.100 x 10" g)/(1.86;

+4 pts. for V
+4 pts. for Munitcen
+2 pts. for p

Full credit for using a = 500 pm [p = 11.9 g cm™], a = 3¢

given for @ and ¢ in part (b).

2 = =59gcm?
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d.
i.

YBa;Cuz07.5 (s) + 13 H' (;
Y™ (aq) +2 Ba™ (aq) + 3 Cu™* (aq) +(

2 Cu** (aq) + 5" (ag) — 2 Cul (s
—Or—
2 Cu* (aq) +4 T (aq) - 2 Cul ()

Iy (aq) +2 203" (2) > 3T (aq)
—or-—
Iz (aq) +2 8,05” (aq) - 2" (aq) +

YBa;Cu3Or.5 (s) + (14 — 28) H' (aq)

Y** (ag) + 2 Ba®* (aq) + 3 Cul (s) + (7
—or'—._

YBayCuy01.5 (s) + (14 — 28) H' (

Y** (ag) + 2 Ba®' (aq) + 3 Cul (5) + (7

12
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Ncw = Nipiosulfuce N the fir
noy=1.542 x 1

Total Cu=1.542x 107 m

Cu(III) = (1.696 x 10" mol) — (1.542 x 107
S0 90% of Cu is Cu(l), 10% is €

For charge balance, 2(7 - §) =3 +2x2 + ; 3) = 13.30
5=035

Alternatively, using the balanced ec
In the 1st titration, each mol YBCO = -
In the 2d titration, each mol YBCO = (2-6) mol I;

So (1.542 x 107 mol)/(1.696 x 10™ mol) =3/
2-8=1.650
5=0.35

6=035

13
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a b C d e f A 7
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k=g

II

False
False

Enzyme H2:
IC}O| A H| (Dienophile)

XS (True)
XS (True)
Xl
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ZH 8 S (100 &)2l 8.3%
a b-i | b-ii | b-iii | b-iv | b-v | c-i | c-ii c-iii 25 8
0
2 3 4 6 4 2 5 8 2 36 8.3%
anthracene | £=H2 20| d,= 3(240 pm) =720 pm
pentacene O| =H = Z 0|, dy = 5(240 pm) = 1200 pm
b.
i
{2 2 Y a2 2 g2
¥ = —%-.L*-f—'-.,- e n: 4 ”"‘ ‘ ?--:.
\d® w'd" )8m, w' ) 8m,d"

ii.
Anthracene:

S e

R 1 Rt for e

L€ 2 ;.29

L2

i S )

Tla s 1.0

e 5. 1)

Ti¢ 25 19

Y 10
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iii. 22 225 0| 250 BiIF | 0|4 X| Co| 0] 15 Br= 0 Mt Oof| 4 X|
HHES HA= X2t Oill-ﬂl o2 S =N H|E 7 o HX| 2| 27X BAISELD 2}
Ol A X 2| 20fl 5§ FSt= LAt (ng ny) 2 LIEFL ) HITIS 7| =5t= ZEO|
HEH S O HX| = B A Z| 22, (O] 2XO| M AFESHE) 2 X &F A} &5 X}
Dol CtE ZEI 22 oHX| HEE 7HXA 2 Ae = 7PESHK| R =5 5tet
Benzene:
grea 2
bt =0 el 2 )
el 6 | 1)
iv.
I AE:
AE for benzene: AE = E(2:2)- E(1;2)=3——— =3.14%10™" J
8m d*
Alternate solution:
h’ g
AE = E(3;2)-E(2;2)=5 =523x107"%J
° 8m.d
anthracene AE:
AE for anthracene: AE = E(6;1)- E(2:2 :5.81x107"°J
9 8m_ d*
Alternate solution:
: 5( h? ’
AE :E(3;2)—E(2;2):—’ l:.‘J.SI,\: 107 J
. 9 \ Smad )
pentacene AE:
3 ¥ 19
AE for pentacene: AE = E(3;2)- E(9;1)=— =1.26x107"°J
25 8m, d*

&l (B), anthracene (A), pentacene (P)2 B340
oA 2t Zt 2 X0 | Sdl= 2XHE(B, A, P)S QAZHE Q2% 0 2 AMX|
Lt E5tet.
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200 400 600

A, nm
< P
\\ ,/.!I \H\__
300 600 900
A, nm

200 400 600 800
A, nm

C.
i

The number of hexagonal units in the graphene sheet:

Nunus = Areax'ﬂpﬁmt — (%5000;””)2 = 12000 units
Area,,, 52400pm"
2pts
Since each carbon atom in a graphene sheet is shared by three hexagonal units,
cach unit of the area 52400 pm’ contains 6/3=2 carbon atoms contributing 2 7-

electrons total.

2pts

Therefore, 12000 units contribute 12000 pairs of n-electrons.
Answer: 24,000 electrons.
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This is rearranged to the equation of a circle.
2
2 2| _E8mel” _
R? '6" +hy ) '

2pts

The area of the populated grid is  Ar

The area of each quantum number pair is 1.

Ipt
Therefore, the number of points is given as

E= ;‘“‘—(11—1 1.48x10-°J

Altemate solunon

7R? m8m L’E
Nyates = S 4':2 =1000
2(1

=1.23x10"%J
n8m, L

E=

Al 44 3] IChO - o] & F-A|

22




of

Z-}(less)

21} (equal)

= t}(greater)

A 44 3] IChO - o] &

I
L5

Al

23




