IODINATION. PART IV. STUDIES ON THE PHOTO-
IODINATION OF DIFFERENT UNSATURATED
ORGANIC COMPOUNDS IN LIGHT OF
DIFFERENT FREQUENCIES IN
NON-POLAR SOLVENTS.

By S. K. BHATTACHARYVA.

Photochemical jodination of phenylacetylene, dicyclopentadiene, dimethylace-
tvlene dicarboxylate, B-amylene and phenylpropiolic acid in 546, 436 and 366up in
solutions of Cl; has been described. The reaction is unimolecnlar with respect to iodine.
The rate of reaction has a small temperature coefficient The quantum efficiency of the
feaction kas been worked ont to be high in the case of phenylacetylene and dicyclopenta-
diene but small in other cases,

Instances of photochemical iodination in non-polar solvents are rarely
met with in literature. A short note on the photochemical formdtion of
ethylene iodide in red light in solution of carbon tetrachloride published
by De, Right and Wiig {J. Amer. Chem. Soc., 1936, 88, 693), the photo-
chemical decomposition of ethylene iodide studied by Schumacher and
co-workers (Z. physikal. Chem., 1930, B 11, 45 ; 1931, B 18, 348), the photo-
chemical iodination of butene, propylene and ethylene at very low tempera-
ture in 644, 546 and 436 pp in solutions of chloroform and carbon
tetrachloride studied by Forbes and Nelson (J. Amer. Chem., Soc., 1936, 68,
182; 1937, 88, 693) and the vapour phase photoreaction between cyclopropane
and iodine at temperature a range of 180°-230°, studied by Ogg and Priest
(J. Chem. Phys., ro3g, 7, 736), are the only instances known. All these
authors found that the reaction in light was simple and proceeded
by a chain reaction started by iodine atoms formed by absorption
of light.

In this part the results of investigations made on the photochemical
iodination of phenylacetylene, dicyclopentadiene, dimethylacetylene dicar-
boxylate, S-amylene and phenylpropiolic acid iz 546, 436 and 366uu
in solutions of carbon tetrachloride have been described. It is to be pointed
out bere that the above reactions are reversible and do not proceed to
completion except the photoreaction between iodine and phenylacetylene in
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solution of carbon tetrachloride which goes almost to completion. The
reactions may be represented according to the following equations :—

1. CgHy+1I, = CeH,I,
Phenylacetylene, Thenyldi.iodoethylene.
2. CH,a+1a S CioH,als
Dicyclopentadiene. Dicyclopentadiene di-iodide.
3- C.Hy+1, == C.H,,la
B-Amylene, 8-Amylene di-iodide.
4. CoHaOa+1I3 = CyHeO,I,
Phenylpropiolic acid. Di-iodocinnamic acid
5. CHO.+1, = C.H, 00,
Dimethylacetylene dicar- Dimethy! di-iodoethylene dicar-
boxylate. boxylate.

EXPERIMENTA L.

The light source was a quartz-inercury point-o-lite lamp run at 2°x
amperes from a battery of 30 volts. Parallel beams of light were obtained
by using quartz convex lenses of different focal lengths. Monochromatic
radiations of 546, 436 and 36611 were obtained by using as filters, a dilute
solution of copper sulphate (2%) in combination with the corresponding
““Schott and Gen’’ monochromatic filters.

The reaction cell (4 X4X 05 ¢.c. or 4 X4 X0°3 c.c.) made of glass plates
fused into one apother with a stopper at the top was placed inside a double
jacketted metal box with a window in front. The temperature of the box
was kept constant by circulating, with the aid of a pump, water through
the annular space of the box.

Reagents—Merck’s extra pure carbon tétrachloride and iodine
were purified as in Part I of the series (J. Indian Chem. Soc. 1941,
18, 171). B. D. H. purest phenylacetylene and S-amylene, further
purified by distillation, and B.D.H. purest phenyipropiolic acid, further
purifed by crystallisation, were wused. Light's dicyclopentadiene
and Kahlbaum's dimethylacetylene dicarboxylate were used after
distillation in wvacuum. It may be mentioned here that dicyclo-
pentadiene in contact with air forms peroxides (Schulze, J. Amer.
Chem. Soc., 1934, B8, 1552) which affect the kimetic measurements.
B-Amylene also forms peroxides in contact with air. So fresh solutions
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were prepared with freshly distilled acceptors after every 2 days so that no
appreciable amount of peroxides were formed to vitiate our results.
Measuremerit of Iniensity,~The intensity of incident radiation was
measured by means of a Moll galvanometer and a Moll thermopile, calibrated
by mneans of a standard lamp supplied by the ““Bureau of Standards’’. ‘The
energy of absorbed radiation was calculated according to the equation,
Tane. =10 x (I_IO_ E.C.d)

where e=molecular extinction coefficient,

¢=concentration of jodine in gram meols per litre, and

d=thickness of the reaction cell in cin.

The values of € at different wave-lengths were found experimentaliy by
intensity measurements in the following way. The deflections in the
galvanometer were noted, first of all, with the solvent (CCl,) alone and
secondly with iodine solution im CCl, of known concentration. The
molecular extinction coefficient (e) of iodine in CCl, was then calculated
according to the equation,

I T o

I o
cxd OFf0 1,
where ¢ and d have their usual significance as mentioned before. I,and I,
are the incident and transmitted radiations measured. ‘The values of ¢ for
different wave-lengths (), e.g., 546, 436 and 5366pp are recorded in Table I.

TasLg I-

Alpp) ... 366 436 546
. 89 3379 723'5

Determination of the Velocily of Reaclion.—The velocity of reaction
was determined by taking out 1°13 c.c. of the reaction mixture in a micro-
pipette and titrating iodometrically with o’orlN-thiosulphate solution by
meauns of a microburette.

The reactions were done at temperatures between 24° and 40°. The
concentrations of jodine and the acceptor were so chosen that no measurable
dark reaction was observed during the period of investigation. Dicyclo-
pentadiene forms a precipitate with iodine solution having concentrations
greater than o'02M and so the compositions of the reaction mixtures were
so chosen that the concentration of jodine was always far less than ¢ o2M.
Iodine reacts with B-amylene even in the dark when the concentrations of
the former are high. ‘The thermal reaction was discussed in Parts I and
II (vide pp. 245, 253)-
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The experimental data are recorded in Tables II to XX1. The values

of k., which are recorded, have been derived from the simple monomoleculer
equation,

ke= 373 loguafa_'—x
where a, isthe initial concentration of iodine in gram mols per litre and x,
the concentration of the iodo product in gram mols per litre, formed in
time t seconds. In other words, the reactions are all unimolecular with
respect to iodinme. But the quantity ke is not a constant, but depends on
(Fabe.3 ) @and [A]. It is thus only a quantity to be calculated which is
perhaps convenient to handle but it is not the velocity constant.

The values of k, were found io diminish very slightly with time.
This may be due to two causes, wiz., (1) there'is a photostationary state,
the iodo product formed gives a reverse reaction and (2} with the disappear-
ance of iodine the absorbed energy for the same incident intensity continually
diminishes. This happens only in 436pu and 366up where ¢ is very simnall.

The absorbed energy may be considered to be practically constant and
the iodo product formed may be regarded as negligible when the concentra-
tions of iodine does mot change by more than 10 to 15%. Hence values
of k, as measured above may be regarded as derived under conditions of
constant light absorption and negligible amount of iodo product formed.

In the sixth vertical column of Tables II to VI, are given the values of
kq and in the 7th column are given the values of k¢/Jane.! It will be seen
from these tables that k./Iae.? have always got the same value for the same
monochromatic radiation, but with increase in the magnitude of the quantum
absorbed by iodine, the values of %4/Ja.be.¥ increase.

RESUDLTS.
Effect of varying the Conceniralion of 1odine.
The notations used in the following tables are given below :

6=temperature.
d=thickness of the reaction cell in cm.
A=wave-length.
a.b=1initial concentrations of iodine and the acceptor respectively in gram
mols per litre.
I,=intensity of incident radiation in ergs per sq. cm. per sec.
Iwbe. =number of quanta absorbed by jodine per c.c. per sec.
v=quantum efficiency.
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IODINATION
Tasre II.
Acceptor =Phenylacetylene, #=24°. d=o0'5 cm.

a. 5. 1,. Taba @ 10™'%, kg, x30%. k, uro"llih_
o"cosM o"osM 6792 r2°54 43 12178
0’03 ” " 6358 101 126°7
0°Co5 o'z " 12'54 87 245 8
0005 o'cs 550 4'0X 23 I15°'%
0"0238 " " 1374 43 11671
0’005 o’x " 4701 34 172°5
0009 o'os 1335 26'q 42 480
o’o225 » » » » »
o'or o'r " . 68 7S

TasLyg I1I.

Acceptor = Dicyclopentadiene. &=29". =03 cm.

. b. I Tabs, % 10732, R, %308, kg« lo"lfih‘
o*oosM o'osM 700°'06 13 ‘63 s
o018 - . 392 iT’'o 178
a’ooy o"r » I3y 25 345
0"00% 0’05 761°53 62°3 o0 x2°7
o018 " ” 1672 17°3 13°4
0°005 o1 " 6273 19°5 24°7
Qo040 005 21'X5 102°15 75 4

00133 ” v 112°20 7’5 7’0
0°0040 o' »”» oz's 12°7 12°§
TamLe IV.
Acceptor=S-amylene. #=123°. d=0's cm.

a. b. To.  JTabe. XX0™'",  KaXI10% R, % 10“/125-.
oorM a'osM 709°6 258 2°x 4T
o'o2 o " 489 27 39
[-%} o'o5 000’0 1263 3’3 3’0
o0z m ” 21773 42 2'g
o’or - Y-T 180c0°0 I000°0 46 X5
ooz av ”» » (1] '

TanLe V.
Acceptor= Phenylpropiolic acid. #= 30°. =0"5 ci.

a. b, 1. Tabu. x 30717, R, 10" 4 x :o"/r,%},_
oo o'o3M 14%°Y 54 5°4 2°3
0°632 - - 15°4 89 2’3
o'ox o'03 311°5 447 7°0 "0
0’032 "» e oSty 10%9 11
o‘or 0'o3 86'5 43°r 61 o'g
ooz ] »» " 56 o8
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y-
1040
2488
2I0°2
174°7
45174
260°7

29'9

75°2

536

146
262
285

.
4’9
68
17
24
0°3
o6

.
62
'3
o9
22
o8
x4
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Tamg VI.

Acceptor = Dimethylacetylene dicarboxylate, =

A,
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Igba. X YO~ '%, hy, xr0%.

132
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1X0°2

3°3
8
57
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5%

30°. d=o0"3 cm.

kg x xf)“[a’l?hn.

oG
1o
0'g
o'g
o'y
o°5

Effect of varying the Conceniration of the Acceptor.

Acceptor==Phenylacetylene.

a.
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Acceptor=Dicyclopentadiene.
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b.
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o'x
ooty
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o’o3

TasLe VII.
G=24°. d
To Ioba, * 1071
67972 246
510 10’04
¥ ”»
0 s
138°46 760
Tame VIII,
G=2g",

Ia.
700°g6
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=
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3’3
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1179
73
X
3z
5’3
38
5
7'5

d=0"3 cm.

kax nab,
46
93
18°3
350
73
146
290
35
56
83
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0'9
23
2'6
4S8
o'
o7

b
812
1589
295°5
4296
234
336'3
484’5
45's
603

¥
b3 3 1
21'6
2R 7
8r's
37
7’5
i5°Q
2°3
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Acceptor=Dimethylacetylene dicarboxylate.

3696
436
g6t

Acceptor= SB-amylene.

a.

oot M

b,

LY H T
ot

o2
0’025
a'os
o'x
a’o2s
o'os
o'y

Acceptor = Phenylpropielic acid.

a.

oorM

a.

oorIsy
v
0'Ox82
“

o'orz6

From Tables VII

propaortionally with the
4—x394P

b.

n‘orM
ooz
0'0g
o'o2
o‘oz
o'ug
ool
©'02
o'o4

b,

o x25M
a'37s
oroBg
©°495
1285
0°375

IODINATION
TanrLg 1X.
#=24°. d=o'5 cm.
| Inhe, X YO™3%, k. x1o%,
70576 258 11
L ” 3'9
. » 80
900 120°3 17
e an 33
”» - 6°g
s8B's 3a70 1°3
" - 2’6
" »” 55
TanrLe X.
#=30°. d=0"5cm.
1. Tuhe, % 0™, k4 x z0°.
4771 5°4 '8
- - 34
. " 7'5
31ty 4477 s
M .» 70
" » g9 8
845 481 2%
- . 4"
. - B3
TanrLe XI.
#=30°
Ia. Iohe, x 3072, k4 % 10°.
59771 25°5 48
e ’ x4°4
3R’y 69°9 3z
» e 2170
Iy ra 52
60

”.

a5
93
18"
0’9
7
3’5
o'z
o"4
r'o

r-

20
3’8
84
o7
[0 ]
173
o'3
a's
1'x

d=0'3 cm.

k0

13
39
o4
28
o'g
12

(2]

63

to XIT it appears that velocity constant varies nearly

concentration of the acceptor.
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Effect of varying Lhe Intensily of Absorbed Radiation,

TanLe XII.
Acceptor =Phenylacetylene. 6=24". d=o0"5cm.

a. b. Fabs, % 10732, ko x 1O, ko x :lo"/lir.,_
o'otM  o'osM 246 674 1290

" ” 12°3 4'5 1286
o'ox o'os 7'33 3"1 1148

» » 2°44 18 I15°4
o'oxs o"o§ 769 42 480

”» ”» 29’0 2’7 49‘6

TaprLg XIII.

Acceptor=Dicyclopentadiene. 6=29°. d=o0"3 cm.

a. b. Taba. X 310712, ke x10°%. ko xm"ll.!hs.
oo1M o1IM 262 183 35’7
”» " 4’5 77 362
o'or o'z 063 25'0 255
» » 10°7 83 2575
0°009¢ o'x 112°2 128 b2 4
”» » 56x 93 12°4
TasLg XIV,
Acceptor = B-amylene. §=24°. d=o0's5 cm.
a. b. fahs. X 10727, k4 % 506, ko xm"ll’i‘bs.
o'orlf o tM 258 39 9’5
» ” 6’5 21 g'&
2y o'r 120°3 60 63
" " 67 17 6's
o'o1 o°r 3az°o 56 3’z
» ” 24°T I'5 31
TasLg XV.
Acceptor =Phenylpropiolic acid. 6=30". d=o0'5cm.
a. b. Iabg, x 10710, k4o x 10°. ke xxo"ll.}hu.
oo M o'o3M 54 54 2°3
”» " 2’2 3'9 26
o'or 0’03 44'7 7’0 1'n
M ' 136 38 1'0
o’o1 o'o3 48°1 6o 0°9

’ " 240 4'2 o'g

¥
1589
221°7
256"
446'7
49'7
837

4273
I03°0
57
472
68
99

9’3
19°3
35
15°3
1'o
38

6z
100
1o
7
°x ]
'L
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TasLe XVI.
Acceptor =Dimethylacetylene dicatboxylate, 8=30° d=0"3cm.

A a. o, Tabs. X 10172, g % TOM, kg e ro"lhia. ¥.
366up  Oux15M o x25M 2578 438 "o 1’3

o " »» 12°7 3Fs 20 19
436 v'ors 168 5070 69 o'8 u'g

" " " 2374 40 o8 [
546 w'oizf [P0 5-1% 110°2 52 s [

. - " 35'x 37 (L w's

From Tables XII to XVI the velocity coastant appears to be directly
proportional te the square root of the intensity of absorbed radiation.

Effect of Varying the Temperatures
TapLe XVII.

Acceptor= Phenylacetylene. d=0"5 cm.

kg » 30*
A, o, b, e Taho, ® roy=t2, B — v,
= 24- - L] =34.'
30Pup oo wosdf 6792 24°6 64 6's 1’012
436 " ”» 51’ 73 29 Iz r'o7
546G 0'o15 0066 138°5 7679 5'r 57 L

Tang XVIII

Acceptor=Dicyclopentadiene. d=0"3 cm.

kg > 10®
A a. b. Fo- Fabs, x 10775, —— e v,
8= 29' . =x sq',
366 verM  o'tM juugb 262 15°3 183 1o
436 . o'us 7472 117'8 14'6 15'a 1’04
546 o'uogs  00s 21715 11272 74 84 i3

TAbLE XIX

~Acceptor= B-amylene. d=0"5 cmn.

ky x103
e &€, b. Io- Tabe, * Io~ Ty, e e w.
Gy . [ B 34‘ .
366 ootM  oosM 7096 258 I a'x o
436 " ” 900°0 12073 33 a4 1'03

436 - 43’3 24’x '8 o°g 112
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TasLe XX.

Acceptor =Phenylpropiolic acid. d=o0"5 ci.

kg x 10%
A, a. b. Ioe Talne. x 10787, ———t——— L.
0=24°. 0=134°,
366pu o'viAf vozM 1471 54 5'4 5°a 1’0
436 " ' 311’ 447 7’0 72 1703
546 . " 86's 481 671 66 1'm

TanLe XXI.

Acceptor = Dimethylacetylene dicaiboxylate. d=o0"5 <.

kg x10°
Al a. b. Iy labe. X 107 1Y, —— A e, v,
0=30° 8= 40°
366 o'oaz3M  o'125M  5y771 47'2 67 6g 1’03
436 o'uIS2 0'165 3185 69°9 69 7'3 I'0§
546 0’0126 0'126 119'0 1102 52 55 1'o7

v="Temperature coefficient for 10° rise.

From Tables XVII to XXI we sce that the temperature coefficient
is nearly unity.

Quantum Efficiency of the Proccss.

Calculation of the quantuin efficiency has not much theoretical
significance in these reactions, because the velocity observed is really due
to reaction chains started by the iodine atoms which attain a definite
value at the stationary state. However, the quantum efficiency has been
calculated here only to have some idea of the mechanismm of the reaction.

A typical method of calculation is given below :—

At the beginning of the reaction we may take it that the reaction is
represented by the equation

A.\:=k6[12] Al

The significance of this equation will be found from the discussion.

‘T'aking the concentration of phenylacetylene=0"1M ; the concentra-
tiun of iodine=c’01M and k=68 X 10™%, and A=r546upu,

A .
we get —Z“‘;=ko[12] =68 X 10”% x 0’01 X 10~ mols per c.c. per sec.
=68x10"! no0'01 X 10”3 X606 % r02? molecules of

iodine per c.c. per sec.
=41°208 X 10'* molecules of iodine per c.c. per sec.
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Agaiv, when the intensity of incident radiation= 138°5 crgs per sq.
cm. per sec. and the thickness of the cell=0’5 ¢m., the intensity of absorbed
radiation =277 0 ergs per c.c. per sec.

Therefore, the number of quanta absorbed by 1 c.c. of solution per sce-

= 277°0_ _ __2770 ==6" 12
(Tars.) I 3'6"10—1’ 769x1° *

—41208 x 1014

Hence y= quantum efficienc ez T=63°6.
y=q I feney = g ka0l T~ 53

All the other calculations are made in the same way.

DiscussionN.

The reactions have the following characteristics .—

1. They are upimolecular with respect to iodime- Of course, it is
quite wrong in photocheinical reactions to search for velocily constants
of the first, second or any order. The quantity kg which has been cal-
culated according to the equation,

be= 2.3 4 _a.
6 1 ogma-—x

is not a constant, but depends on I..il,s. and on [A]. It is thus only a
quantity to be calcuated which is perhaps convenient to handle but it is
not the velocity constant.

2. The quantity kg diminishes slightly with the progress of the
reaction, and is directly proportional to the squarec root of the intensity of
the absorbed radiation. It increases nearly proportionally with the increase
in the concentration of the acceptors. At 546 uu, where the absorption of
iodine is complete with very dilute solutioms, ky; is independent of the
initial concentrations of iodine. At 436 and 366uu, where iodine has weak
absorption, kg increases with increasing concentration of iodine. In fact

kBXIo“/IEb.. remains always constant for a particular wave-leogth but
increases with the increase in the magnitude of the gquanta absorbed by
jodine.

The temperature coefficient is small, nearly unity. The quantum
efficiency is very high in the case of phenylacetylene and dicyclopentadiene,
but in other cases it is very small.
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‘The experimental data recorded above can be explained by the following
addition reactions:

Ip+hv=I+1 I ()
I+I=1I, cee (i)
I+A=AI S (1)
Al=I+A e (i®)
Al+I,=ATy+1 e (1)

whete A represents the acceptlor molecule. In these reactions the concen-
tration of iodine atomns per c.c. in the stationary state is given by the relation

[]]= (kig- Inln:. )E

where Iaue =number of quanta absorbed by iodine per c.c. per sec. Hence
the above mechanism given for

P d[I _, E L 1
kﬁ_‘ [1_2]. —dtB] —-’\5- E_: (kg. I-h--) [A]

=k,(Inbs.)§- [Al eee {a)
The equation {a) agrees very well with the cxperimental observations
recorded in ‘Tables XIT to XVI that k; varies directly as the square root

of the energy of absorbed radiation.
From equation (a2) it also follows that kg is directly proportional to
the concentration of the acceptor, which has been approximately found

to be the case.

In conclusion the author takes this opportunity to offer his sincere
thanks to Dr. J. C. Ghosh D.Sc. for his suggestions and kind interest in

the work.

CHEMICAL LADORATORIES,
TRE Dacca UNIVERSITY, Dacca,
AND Recelved February 3, 1941.
THE INDIAN INSTITUTE OF SCIENCE,
BANGALORE.



