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Problem 1. Hydrolysis of pyrophosphate (10 pts).

_[HPOY][H']

a) K
R YR XA

_[P,0771[H"]
KZ - 3—
[HP,07]
C= [Hzpzog_]"‘[HPzO?_] +[on‘71_]

b) ¢c= [1+m+—[H+K]2 j[PZO;“]

2 172

, _[P.O%] KK,

¢ KK, +KJ[H1+[H']?

10—6,12 . 10—8,95

a= =0,00979
107°%.10°% +107° .10 + (107)?
* -1
_ki 0001057 000 ca
a,  0,00979
10—6,12 .10—8,95
¢) o= =0,000484
) %05 105% 1057 107 ¢ (10°)?
6,12 -8,95
C L =0,0997

O, =
107710 +10°°% 10 +(10°°)?
ks = ask =0,000484-01025™ =4,93-10° s™*

k; = agk =0,0997-0,1025 " =10-107 s
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Problem 2. lodine and polyiodides (12 pts).

a)

A-KI

B - HIO;

C - 1,05

D - KIO;

E - HI

F+G —Cul +1,
H - Agl

Equations:

2Kl + KNO3 + H,SO4 = 1, + KNO; + K;SO4 + HO
31, + 10HNO3; - 6HIO3 + 10NO + 2H,0

HIO; + KOH = KIO3 + H,0O

2HIO; = 1,05 + H,0O

5CO + 1,05 > 5CO, + I,

215+ NoHs 2 4HI + N>

HI + KOH - KI + H,0O

4KI + 2CuS0O4 = 2Cul + I + 2K,S0,

Kl + AgNO3 > Ag| + KNO3

b)

==

Linear | —1—1
c) Possible geometries:
n I I
I I alaza_: 1 Ty
V-shaped and L-shaped: 1 I

Linear pentaiodides also are possible.

d)
RsNloys1 + 2XS,0352 > RyNI + 2XI™ + xS406>

n(S205>)= 0.01023 Lx0.112 mol/L = 0.001146 mol

if x=1 n(RsNl2x+1)=0.001146/2=0.0005729 mol ; M= 0.219 g/0.0005729 mol =382.3 g/mol
M too small for R4NIs. Only I5 gives 381 g/mol.
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if x=2 n(RsNl2x+1)=0.001146/4=0.0005729 mol ; M= 0.219 g/0.0002864 mol =764.5 g/mol
(in general M= 382.3x)

R:NIs M=(14n+1)-4+14+127-5=7645  n=2

Molecular formula (C2Hs)4Nls.

Higher values of x doesn’t fit any plausible R.

Problem 3. Small rings fighting diabetes (10 pts).

(0]
HOOC._ _N cocl), ClOC Ny \
L — U T
= =
N N
1. MeMgCl 1 mol N N
—_—
—_—
. =
2. H COOMe COOMe
1. NaOH N\
—_—
2.H* Z>CooH
/—*JJ\) Nt
=0
H CH,- Ar Ar
-0 -base » |+ — —
/Si PN Ar Ar
Ar~ - TAr :
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Problem 4. Uses and misuses of nitrogen compounds (10 pts).

OH o

0 175 °C )\ J\
NH3 + N \N HN NH
HNT NH, P PPN
B HO” "N~ “OH c N 0

Al A2

Pcy cl,
NH,

| AN
H,N N NH, c|)\N/ cl © ZI ©
D Cl C2
1. CH,OH

oM OMe
I\Il)\\I c NIK CH.CI
— +
Meo)\N/ I\O Meo)\N/ O i

E

2. Replace chloride with a nonnuclephilic anion (BF4, PFg)

D
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R OH
OMe
PN i
— Yy
H
MeO N/ OH
Problem 5. Kinetics and equilibrium (8 pts).
a) K=exp(—ﬁj=exp(—ﬂ+A—Sj=O.00264
RT RT R
K> =exp(— 4730 335 j=0.00264
8.314-298 8.314
K2 =exp(— 4730 _ 335 J=0.00221
8.314-273 8.314
-1
b) k2298 _ 003753 :14,23_1
0.00264
-1
k2" _0.0021s~ _ 0,955
0.00221
| ﬁ__A_Ea[i_ij
K, R (T, T,
AE, = LT, Rlnﬁ
1_T2 kz
AE, =(298' 273} K.8.314 J-mol - K*-1n 29372 _ 78K3. mol*
0.0021

AE, = (298‘ 273} K.8.3143-mol™-K*-In 22— 73k3. mol
25 0.95
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CoH1g CoH1g
OMe OH
a) A 0 B o)
b)
o)
Q

(0] 1=} o
CoH1g )
Ho A —_— —_—
OMe CQH19 OMe
OMe )
Cl

t-BuO Cl g
CoH1o
OMe
(0]
oi) e
CoH1g
CoH1g
0 » CoHig _—
H@
(0]
(0]

c) C. (R)-2-methylundecanal

d) (S) enantiomer is used. After imine D is formed, metoxy group sterricaly bloks methyl addition to the

imine in enolic form from the Si face. Methyl adds to the imine’s unhindered face and after hydrolysis
(R)-methylundecanal is formed.
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=

N

\

Li® @N/

\)J\ OMe CQH']Q\)\ OMe
E.
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