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Chemistry 881
Problems due October 24, 1960

1. There is in Ohio an insect called a cricket, which, in the summertime, makes, at regular intervals, a noise called a chirp. An old saying states
that if one counts the number of chirps a cricket makes in 14 seconds, and then adds 40, the value obtained is the temperature in degrees Fahren-
heit. Assuming this to be correct at an average summer evening temperature of 70°F., calculate the activation energy of the chirping process.
State explicitly the assumptions which you made in order to make the calculation. What are the units in which your activation energy is expressed.

2. A substance M reacts with acetic acid in water solution to form products R and S* according to the stoichiometric equation

M+ ACOH — > R + St + ACO™
The rate-determining step in this reaction is the reaction of M with hydrogen ion, with velocity constant k

M + H* —k
Derive an expression relating the concentration of product R to the time in an acetic acid-sodium acetate buffer solution in which the concentrations
of the buffer constituents are of the same order of magnitude as the initial concentration, a, of substance M, but much larger, of course, than the
initial concentration of hydrogen ion in the buffered solution.

. The ionization of a nitromethane in the presence of hydroxyl ion is a second order reaction which is effectively irreversible.

RCH,NO; + Na* + OH" ————> RCHNO;” + Na* + H,0
Since hydroxyl ion is changed to the aci-ion, the reaction mixture in a conductivity cell and measuring the resistance of Zhe system. The following

data report the resultj of an experiment at 16.1°C. in which the initial concentration of the nitromethane was 7.52 x 10-4 moles per liter and that of
base was 1.504 x 10°¥ moles per liter. Determine the rate constant in liters per mole per minute.

Time (min. ) Resistance (ohms) Time (min. ) Resistance (ohms)
[ 4370 2.2 5100
0.61 4600 2.78 5200
.87 4700 3.38 5300
1.17 4.10 5400
1.49 4900 5.00 5500
1.87 5000 R @ 5970

. A reaction of stoichiometry
A+B ———> C+D

is started with initial concentrations of A and B both 0.05 moles per liter. The per cent of A, and B, reacted, varied with the time as follows:

Miamtes Per cent
10.8 17.5
26.5 34.3
33.5 40.2
56.0 52.3
92.2 64.2

121.3 70.0
® 89.3

Calculate the velocity constant for the reaction of A with B.

5. The hydrolysis of an alkyl halide involves, in some cases, simultaneous first- and second-order reactions

RX — Ko gty x°
R*+ OH"—fast __ pon

RX + OH-—kz—> alcohol or olefin

Determine k and k at 45°C. from the following data, all referring to the hydrolysis reaction in a solvent prepared by adding 600 ml absolute
ethanol to 400 ml. of water. Express k in reciprocal hours, and k in liters per mole per hour.

Table I. Reaction at 65° in an originally neutral solution Table Il. Reaction at 45° in an alkaline solution

Time (hr.) RX (m/l1.) Time (hr.) RX (m/1.) NaOH (m/l.)
0 0.0998 0 0.0884 0.0884
2.1 .0864 3 .0811 .0811
3.25 .0795 5 .0768 .0768
4.25 .0745 7 .0726 .0726

5.50 .0687 11.5 .06

7.00 .0619 16.75 .0585 0585
8.50 .0572 22 .0525 0525
9.90 .0507 26 .0487 0487
12.00 .0440 31.5 .0442 0442

wn
A
88
o9
)
58

The activation energy for the first-order reaction was found to be 22750 calories per mole.

If an exothermic reaction is carried out adiabatically starting at temperature T the total temperature rise, Ta - To is proportional to the heat of
reaction, with the proportionality constant determined by the heat capacity of the system. Further, at any time, t, during the reaction at which the
temperature of the system is T, the fraction of the total temperature rise T - To measures the extent of the reaction.

a- To

However, if the same reacting system is used in a thermostat maintained at temperature To, heat will leak from the reaction vessel at a rate pro-
portional to the temperature difference T-To, as given by Newton's law of cooling

Rate of Temperature change = k (T-To)
If the rate of production of heat by the reaction is greater than the rate of heat loss, the temperature of the reaction mixture will rise to a maximum
value, T, and then decrease.
Show that, for a first-order reaction of velocity constant k , the temperatures Tm, To, Ta are related by the equation

Tm - To - K K

Ta - To I-X
where K is equal to the ratio kp/ k; .
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. Give an important use of the following reagents
in organic chemistry:

. Dichlorodimethylsilane

. Acetyl peroxide

. Trityl chloride

. Carbon disulfide

. Methylene iodide zinc-copper
. Imidazole

. Sodium-liquid ammonia

| = 0 A0 TP

. Lithium diethylamide

-

. Ethyl chloroformate

. Carbon monoxide

-

k. Acetyl nitrate
1. 1-N-piperidinocyclohexene

2. Give an adequate synthesis of the following com-
pounds from the given starting materials.

00— L

A
CO-CH, CH,;-CO,H
5. Lo
_CHO
. 00O — (X
CH,CHO

a2 —

ZWIZAS THORWVET ) AL ZT 5 RBHH

DF¥, THIRALKELRE T, SWERILED
hhrLHET, 4, FTIEB-Twsni3, 7TET
KEFEARDEBEDFART, BN, RoExH
B eME» L TCETHEDET,

B.

C.

OCH;, ?
=0 — O
NH,
1
w0 — O
\CH,
N
h
N,
o« Q00— C(gj

o HC-CO,CH,
J}

vy

1. : [ —_— ﬁr |

. Write out equations using specific examples for

the following:

. Three methods for converting a ketone, RCOR' ,

to an acid of structure RR'CH-CO H.

T‘hree methods for synthesis of three-membered
ring compounds from acyclic intermediates.

T}.lree methods for synthesis of compounds con-
taining five membered rings.

Give an important contribution of the following or-
ganic chemists:

1.

Ziegler

2. Robinson
3. Windaus

4.
5
5.

Staudinger

. E. Fischer

Kekule
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7-Deuterocycloheptatriene (A) rearranges
when heated to 100- 140° forming a mixture
of deuterocycloheptatrienes. Write a rea-
sonable mechanism for this reaction from
the following experimental observations.
Indicate how your hanism is in agr
with each observation

1) mass spectral data indicates that no pro-
ducts of mass greater than 93 are formed

2) a prominent fedture of the proton magnetic
resonance spectra is a triplet (1:2:1) of
triplet (1:1:1) at 7.8 with an intensity
of one proton

3) during the'reaction the multiplet at 7.8
changes toward a triplet (1:2:1) with an
intensity of 2 protons

4) while the intensity of the multiplet at 7.8
is increasing toward 2, the low field
signal attributed to the proton is de-
creasing in intensity

5) after the reaction has proceeded for long-
er periods of time the deuterium becomes
distributed at all positions. There are
indications from the proton magnetic re-
sonance spectra that the deuterium ap-
pears in the position prior to the
position

6) the enthalpy of activation is 31 kcal/mole
and the entropy of activation is - 10 cal/
deg/mole.

IlI. Wagner-Meerwein 1,3 hydride shifts
have recently been investigated n-Propyla-
mine deaminates in aqueous nitrous acid
give n-propyl alcohol among a number of
other products.

CH3 CH, CHyNH,—TNOZ, (ch, cH,CHE )
H20_  CHyCH5CH5OH

Two isotopically labeled compounds have
been investigated. The 1 position has been
labeled with C  and the n-propyl alcohol
degraded by conventional means. 1,1,2,2
Tetradeutero propylamine has been synthe-
sized and deaminated. The resultant deute-
rated n-propyl alcohol was examined by
N.M.R. Comment on various ways in which
the labels may be distributed in these two
compounds and how this can be used to sup-
port the hypothesis that 1,3 hydride shifts
can occur. Point out any competing rear-
rangements to give propyl alcohol that may
complicate the interpretation.

III. CH -N=N-CH decomposes to give me-
thyl radicals and nitrogen. This might oc-
cur by simultaneous two bond rupture (E-
quation A) or by a rate determining single
bond cleavage followed by a significantly
faster second step (Equations B and C).

A) CHyz-N=N-CHz—> 2 CHj + Ny
B) CH3-N=N-CH—> CHy-N; + CHs
C) CHz-N, —s CHz+Ny

I—Z2DNHPT—FBLTrLvILEEZ LN TVET,
WU LHZ 2038 HTETLRNDEI L LT,
BREN O RICHEY» ERE 2> TV aTT,

The diisopropyl analog decomposes 100
times faster than the dimethyl compound.
1f the methyl isopropyl analog is decomposed,
an intermediate rate is observed.

Assuming that the mechanism does not
change in this series of compounds (i.e.
they are all single step or all two step re-
actions) how will the rate of the methyl iso-
propyl compound compare with the two refer-
ence compountls. A quantitative prediction
can be made for both mechanisms. State
any assumptions made in arriving at you.
answer.

IV. The heat of formation of cyclopropene
and the cyclopropenium ion have been deter-
mined by the use of conventional calorimetry
and appearance potentials in the mass spec-
tra.

The heat of combustion of cyclopropene is
-485 kcal/mole. The heats of formation of
CO and H O are 94.4 and 67.9 kcal/mole
respectively. Calculate-the heat of forma-
\tion of cyclopropene.

The heat of formation of cyclopropane is
12.7 kcal/mole. Calculate the heat of hy-
drogenation of cyclopropene. The value of
the heat of hydrogenation of cyclopentene is
-26.9 kcal/mole. How may the difference
between cyclopropene and cyclopentene be
explained.

The appearance potential of cyclopropene
for the process R-H—=R* + H + e~ has been
determined to be 11.15 e.v. (256.5 kcal).
The corresponding appearance potentials

for methyl acetylene and allene are 12.06
e.v. (277.5kcal) and 12.02 e.v. (276
kcal) respectively. The heats of forma-
tion of methyl acetylene allene and the hy-
drogen atom are 44, 46 and 55 kcal. res-
pectively. Calculate the heats of formation
of the ions derived from cyclopropene,
methyl acetylene and allene. What conclu-
sions might be drawn from this data concern-
ing the structure of the ions in the gas phase.
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Table 1. Chemical Species Formed in the 1:2
Reaction System of Diethylzinc with prim.-,
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yst Activity
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Fig. 1. First order plots for the polymerization of

propylene oxide by systems of (A)Zn (OCHg, /n-heptane;.
(B)Zn (OCHy), /tetrahydrofuran; (C)Zn (OCHy,/

(CHg ZnOCH3 (1 : 1) /n-heptane; (D)Zn (OCH,),/CH,OH
(1 :1) /n-heptane
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