On Photochemical Reaction between Bromine and
Tartaric acid in Aqueous Solution. Part II.

By JnaANENDRA CHANDRA GHOSH AND Karipabpa Basu.

The photochemical reaction between bromine aud tartaric acid
in aqueous solutions has previously been investigated in this labora-
tory (This Journal, 1925, 2, 165). In view of somse very interesting
and peculiar results obtained therein we have thoroughly revised
and enlarged the previous work. This and the next paper of the
series will embody the results of our fresh investigations.

EXPERIMENTAL.

The experimentsl arrangement was exactly the same as before,
only the Wratten filler was replaced by solutions of different
substances in order to isolate different regions of wavelength.
Our investigations show that the Wratten filter, previously used,
transmitted a large smount of photochemically inactive rays so
that the intemsity of the photo-chemically effective rays was very
small. This accounts for the very large periods of induction and
smell velocity constants obtained in the previous work.

Since withdrawal of 2 c.c. of the reaction mixture each time
leaves a vacant space in the reaotion cell (4x4X1 em.) into which
the bromine would evaporate, experiments were first made to find
out if this would affect our readings. Experiments with a N/30
solution of bromine at 33° showed that the effect was negligible.

Experiments on the rate of hydrolysis of a N/80 bromine solution
at B3° showed that the rate was negligible, the unimolecular con-
stant falling off from 0+00028 to 0000136 in four hours. Light
did not accelerate the rate of hydrolysis.

2 C.c. of the reaction mixture were withdrawn at different
intervals throughout the present investigation and titrated with
N/200 thiosulphate,

The constants of the reacfion, throughout this paper, are cal-
culated on the basis of a unimolecular reaction with respect to

a
a—

bromine (K= %1og,., c), the time being reckoned in minutes.
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The Dark Rcaction.

The velocity of the dark reaction between bromine and tartaric
acid solutions was found to be negligible in comparison with the
light reaction and is characterised by very large induction periods.
Table I gives the dark reaction.

Tasce 1.

Tartaric acid—M/7°5. Bromine—N/80. Temp.—83°3°.

Time in mins. N/200 Br. Unimelecular  Period of induc-
0 12745 c.c. —
341 1045 — 5% houra.
315 101 -00044
427 97 -00038
500 905 -00039

By raising the temperature to 48° the velocity constant increased
to 0°0044 thus giving the very high value 4'6 as the temperature
coefficient of the dark reaction. .

The reaction was then carried out under the stimulus of light
from a 1000 c.p. point-o-little lamp, remndered parallel by means
of a lens. For the initial measurements only N KNO, (1 em.) and
N/20CuS0O, (1 em.) filters were employed to cut coff the ultraviolet
and the heat rays. Tables II-V indicate the typical data obtained
at different intensities of the incident light and Tables VI and VII
summarise all the data at different concentrations of the acid and
bromine,

TasLe ITI.

Tarlaric scid—M/7"5, Bromine—N/30. Temperature—33°.
Intensity of incident light—24 Hefners-at-100 cm,

Time i mins, N /200 Bromine. U]Zi;; ::i‘;‘utl'"'r Period ‘zifozl_lduc'
0 1265 c.c. —
15 12°3 — 15 minutes.
39 103 ‘00321
67 91 00252
106 756 00230

147 615 00228
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On repeating the above experiment in presence of a trace of
iodine the induction period rose to 30 inins. und the velocity constant
fell slightly.

TapLe 111,
Tartaric acid M/7'5. DBromine—N/40. Temp.—332°,

Intensity of incident light—10 Hefners-at-:00 em.

Time ip mins.  N/200 Bromine. Constents. Pe“’mzigz indue
0 915 c.c. —
10°5 79 *00808
30 60 ‘00610 Nil.
70 39 "00529
TasLE IV.

Tartaric acid—M/3. Bromine—N/50. Temperature—33-2°.
Intensity of incident light—81 Hefners-at-100 em.

Period of induc-

Time in mibs. N/200 Bromine. Constante. tion.
0 795 c.c. -
5 7°65 -
15 50 *04831 4 Minutes.
23 315 ‘0214
40 13 “0220
TaBLE V.

Intensity of incident light —72 Hefners-at-100 cm.
Tartaric acid—~M/24, Bromine N/50. Temperature—338°.

Period of induc.

Time in mins. N/200 Bromine. Constanta. tion.
1) 7'65 —
55 6715 0172
10 53 ‘01569
19 4'3 ‘0132 Nil.
28 3'6 ‘0121

43 2'65 *0111
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It will be seen thet in all the above experiments (vide Tables
ITI & V), except at relatively very high oconcentration of tartaric
scid (vide Table IV) where it remains fairly constant, the uni-
molecular constant gradually tends to diminish. This phenomenon

we have found throughout our experiments and we intend to deal
with this point in a subsequent paper,

TapLE VI.

Intensity of incident light—31 Hefners-at-100 cm.—{(same as in
Table IV.) Temp.—333°.

"Jonu. of

bartaric
acid.
M/24
M/15
. M/3
M
M/24

M/156

M/8

M/16

M/3

M/38

M/3

Conc. of
bromiue.

N/100

Induction
period.

1} mips.

2% mina.

4 mins.

3 mins.

1} mins.

23 mins.

4 ming.

17 mins.

2} mins.

4 mins.

14 mins.

Nil

12 mins,

Nil

13 mina.

Limits of unimole-

cular constant.

'0200—=-0173

*0262—"0235

0558 — 0640

“1564—151

"0073-°0061

"0101—~"0080

*023—--021

‘0562 —"046

00618 — 00443

‘0143—"0110

‘0243 —-"0239

0069 —"0060

01430128

'0084 — *0026

'0052 -'0040

Mean constant,

0183

0252

"0549

1563

0069

048

0066

0126

0241

0062

0134

‘0030

‘0050
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TaBsLE VII,

Intensity of incident light—72 Hefners-at-100 em. (same as n
Table V). Temp.—33'6°

Conc. of Cone. of  Induection Limits of Mean copstant,
tertaric bromine. period. unimolecular
acid. constant.

M/24 N/50 Nil *0173~-0111 ‘014
M/16 o Nil *0246 —'0183 018
M/3 " Nil 0425 — 0403 “(}420
"M " 6 mins. 146141 144
M/15 N/30 Nil ‘0108 — 0064 0084
M/3 " Nil *0232 — 0202 '0218
"M " 6 mins. ‘0386 — 0346 ‘0368
M/3 N/20 Nil *0187-"0121 ‘0160
M . 4 mina. ‘0247 —"0311 0230
M/8 N/10 Nil 0108 — 00501 0087
‘M " 2 mins. 00944 — 0088 ‘0090

Period of Induction.

It will be seen from above that the period of induction varies from
20 mins. to nil. Tor the same concentration of bromine an increase
in the concentration of tartaric ecid increases the period of induction,
An increase in the concentration of bromine at the same concentra-
tion of tartaric acid slightly diminishes the indugtionv period—as will
be clear from datn marked with asterisks (¥} in Tables VI and VII.
An increase in the intensity of light also diminishes the period of
induction.

Another fact, which appears rather puzzling and which will be dis-
cussed later, is the influence of the initial concentration of bromine
on the unimolecular constant. It will be at once clear from the data
given in Tables VI and VIT that concentration of tarbaric acid
remaining the same, unimolecular velocity constants diminished con-
siderably aa the initial bromine concentration increased,

13
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Ezperiments at various Wavelengths.

We next carried out the reactionh at various wavelengths using
different solutions as filters. A bromine filter was tried first and
then the different filters recommended by Plotnikow were used.
Table VIII summarises the results.

TasLe VIII.
Tartaric acid—M/7'5. Bromine—N/30. Temp.—336°.

Filters. Whavelength Sohwerpunkt. Intensity : Period Limits of Mean const.

limit. Helners-at- of unimolecu-
100 om. induoc- lar consat.
tion.
‘8N Bromine
(1 cm.)
& N/230 CaB8O,

1 cm,) 19 45 wine, "00202—--0018 °0018
The same 52 20 ,, "0085—-'0023 0030
Methyl vio.

let & potes-
sium chromate. 718-839 pu 665'9 uux 76 8 ,, °00136-—"00130 '00133
EMnO, K,Cr0,

& NiBO, 614-576 uu 599 ppu 8'5 g0 ,, *0015 —°0018 ‘0014
CuCl.& .

K,CrO, 540-506 pp 588 pu 35 80 ,, 00198 = Q0150 0018
CuBO, &

Methyl green 526-494-458 jupu  488°6 up 11'5 Nil “0110-"'0059 0089
Mothyl violet
& CuolO, 478-410 up 488 upu 3'8 Nil ‘0054—"0031 0048

The last two filters, therefore, corresponding to the blue and deep
blue regions are the most and almost equally efficient photo-chemi-
cally. Absorption measurements with a Johansen thermopile behind
the reaction cell filled with water and N/30 bromine solution showed
that the reaction mixture (1 cm. thick) absorbed about 18% of the
radiation 4885 up and 448 pp snd 2 % of 533ux while it showed
very little absorption at other regions.

It will be seen that for blue and viclet light of wavelengths
shorter than 500 ps even for weal intensities of light the period of
inductions is approximately zero and the velocity of reaction is very,
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large compared with the corresponding value for lights of very much
higher intensity at larger wavelengths.

It will be seen from the previous observations that the reaction in
blue light is characterised by greater simplicity and we shall now des-
oribe the results of our experiments in blue light (4885 £p) aund the
effect of various addition agents on the reaction.

Tables TX, X, XI give the typical results while Table XII summa-
ries the results of the reaction in blue light.

TasLe IX.
Intensity of incident light (4885 up)—06 Hefners-at-100 cm.

Tarteric acid—M /3. Bromine—N/30, Temp.—33'5°.

Time in mins. N/200 Bromine. Unimolecular const. Period of induction.
0 12°65 e.c- —
8 11-2 — 4 minutes.
16 9'156 ‘0110
46 55 00681
76 32 0080
TabLe X.

Intensity of incident light (4885 up)—6 Hefners-at-100 cm.

Tartaric acid—M. Bromine—N/30. Temp.—886°.

Time in mins. N /200 Bromine. Ug;ﬁ:‘é:‘::_l“ Period of induction.
0 13°0 c.c. —
127 — 5 minuke
10 10°55 ‘0161
16 89 *0140

4 37 0147
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TaBLE XI.
Intensity of incident radiation (488'5 pup)—2 Hefners-at-100 cm,

Tartaric acid—M/7'5. Bromine—N/30. Temp.—33°6°.

Time in mina. N/200 Bromine. Uiiﬁ:z:gf“ Period of induction.
0 181 ¢.c. —
80 12'9 — 35 minutes
60 11'4 —_
96 7 00234
141 16 00218
201 56 -00219

As in the case of experiments in white light the unimolecular
constant, except in the case of relatively higher conecentration of
tartaric acid, has a tendency to diminish. This tendency is more
marked at higher intensities of incident light. The induction period
rapidly increases as the intensity of incident radiation diminishes.

TasLe XII.

Temperature—33'5°.

e T Y e <
acid. . 100 cm:). induetion. constant, constant.
M/75 N/30 11°5 Nil *0110 — 0059 0089
M/15 " 6 Nil *0047 — 0032 "0042
M/8 " 6 4 mins. 0110 — 0080 0095
M " 6 5 mins. ‘0161 —"0186 *0150
M/3 N/20 ('96) [ Nil "00610 ~ 0051 ‘0054
M/8 N/50 6 4 mios. 0202 —-0183 *0190
M/s N/6 6 6 mins.  *049—-051 *050
M/7'5 N/a0 2 356 mine. *00234— 0021 0028
M[18 N/30 2

20 ming. ‘00174 —="00171 ‘00178
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As before the induction period incroases with increase in coneen-
tration of tartaric acid and diminishes with the incresse inm concen-
tration of bromine and intensity of incident light. The constant of
unimolecular resction increases with increase in concentration of
tartaric acid but diminishes coneiderably as the initial concentration
of bromine is increased.

Determination of the Temperature Coefficient in Blue Light.

Table XIIT shows that the temperature coefficient of the reaction
in blue light is 2.

TaBLE XIII.

Intensity of incident ligi.t (488°5 pp)—5°8 Hefners-at-100 cm.

Conc. of Limits of

Temp. Conc. of Br. tartaric unimolecular Mean const. .P%'i"g. of
acid. constants. 1nduction-

a4° N/30 (1°1) M/3 00404 — -00336 00380 10 mins.

84° N/30 (1D M/3 *00881 — 00663 00760 b mins.

The temperature co-efficient of the dark reaction is, as has
already been mentioned, 4°6.

Application of Einstein's Law.

The quantum efficieney of the reaction can throw some light on
its mechanism. We shall, therefore, find out the relation between
the number of quanta absorbed and the number of molecules reac-
ting.

Absorption measurements, as has already been mentioned, with &
Johansen thermopile showed that a N /30 agusous solution of bromins,
1 cm. thick, absorbed only 18% of the incident blue light (488°5 pu)
transmitted by filters recommended by Plotnikow. Measurements
of extinction coefficient of bromine solutions with a spectro-phofo-
meter, however, showed that u 1 ¢m. layer of N/80 bromine solution
should absorb B0% of incident blue light. From this it is evident
that Plotnikow's filters are imperfect.

We shall {ake the results in Table TX. Taking Gerlach’s value of
900 ergs. per sq. cm. per second at a distance of 1 metre for the
energy emitted by a Hefner lamp and remembering thet only 18%
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of the incident light was absorbed we have the number of quanta
sbsorbed

_ 18 1 4885 x 10~
= 00X 6 X 55 % 65 xT0-7 * Ix107°

= 243'5x 10" quanta per 8q. cm. per second.

Since in 8 mins. the change in 2 ¢c.c. of reaction mixture is
(11-2—9-15) 2:05 c.c. of N/200 bromine after the induetion period is
over, the number of molecules transformed per sq. cm. per second

205 x 001 x

— 1 . a8
T 2x2x2x%100 8x60 x61x10

= 325600x10** molecules per sq. cm. per second.

Thus for ome quantum of light (488'5 pp) absorbed, about 18
molecules disappear.

Table XTIV summarises the quantum efficiency under different
concentrations of tartaric acid, the intensity of the incident blue
light being in all cases 6 Hefners-at-1(0 cm.

TaeLe XIV.
Cone. of No. of Br. molecules
tartaric Srm:l:;n‘g transformed per Remarks.
acid. ° . quantum.
Af i
s s s s pvid o
After the period of
M N /80 b indnction.
A fter the period of
M/3 N/80 13 indoction.
M/7°6 N/80 17 No period of induction.
M/16 N/80 [} No period of induction.

The guantum efficiency is thus large.

Ezxzperlments in Presence of Sodium Hydrogen Tartrate.—The
photo-chemical reaction between bromine and tartaric acid was
carried out in presence of Na.H-tartrate at a constant concentration.
The object was to find out how an increase in the concentration of
bydrogen tartrate ion which we shall always indicate by HT' and a
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change in the initial pa would affect the velocity of reaction and the
induotion period.

It was first found out that the dark reaction between bromine,
tartaric acid and sodium hydrogen tartrate was negligible at B82°—
with & sodium hydrogen tartrute concentration of M/15, tartaric acid
concentration of M/15 and bromine concentration of N/30, the
veloeity constant fell graduelly from 00059 1o "00024.

Py values for the mixtures of NaH-tartrate and tartaric acid

were determined by the potentiometric method.
Tables XV, X VI, XVII, XVIIT indicate the typical reaction o
blue light and Tables XIX and XX summarise the data,

TasLe XV,

Intensity of incident light (4385 pup)—3°84 Hefners-at-100 cm.
NaH.-tartrate—M/30 }M 5
/15 ; ,
Tartaric acid—M/30 Ps =271

Bromine. — N/30, Temp,=—33'5°.

Tims in mins. N/200 Bromine. Unimolecular Period of induction.
constant.
[ 12°9 c.o. - Nil
10°15 0208
20 6°0 *0186
30 425 ‘G161
42 28 0158
TasLe XVI.

Intensity of incident llght (4885 I‘-P’-)—384 Hefners-at-100 em.
NaH.tartrate—M/30 h)

Tartoric scid—go/oo M J a7l
Bromine.=N/30. Temp.—33°5°.
Time in mins, N/200 Bromine. Constant. Period of ioduction.
0 13°1 c.c. _ Nil
6 838 -0835
1 a2 0395

18 425 "0808
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Intensity of incident light (488°5 up)—1‘3 Hefners-at-100 em.

NaH-tartrate—M/30 T
176 p, _o.
Tartaric ncid—M/lO,T B —24

Bromine-=N/80.

Time in mins.

0
10
20
ao
10
b5

N/200 Bromine.

13°25 c.c.

109
78
6°6
62
38

"0174
‘0109
*0107
*0101

Temp.—33°5° .

Constant.

TasLe XVIII.

Period of induction.

3 minutes.

Intensity of incident light (4885 pp)—1'3 Hefners-at-100 cm,

NaH-tartrate—M/30

Tartaric acid—3M/10 )

Bromine—N/30.

Time in mins.

N /200 Bromine.

127 e.c.
11°45
99

78
686

46

Constants.

P

Temp.—38°5°.

‘0126

‘0139
‘0128
~0132

-1-9.

Period of inductioxn.

7 minutes.
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TarrLe XIX,
Intensity of incident light (488'5 pp)——=5-84 Hefners-at-100 em.,
Cone. of NaH-tartrate—M/30. Temp.—33 5°.

Sum of conc.
Conc. of of NaH — Cone. Inducéion Limits

Mean
tarlaric tartrate and of Py period. of constant.
seid. tartaric Br. constants.
ecid.
M/30 M/156 N/30 2°71 Nil *0208 —"0158 ‘0184
M/10° M/7'6 " 2°4 Nil *0263—"0161 ‘0217
3M/10 M/3 " 19 Nil "0286— 0217 0267
29M/30 M » 14 Nil *0335—"0295 031
M/10 M/7°5 N/50 24 Nil ‘0411—~-0363 ‘0385
M/10 M/T°6 N/20 24 Nil '0194—'0122 0163
TasLe XX,

Intensity of incident radiation (4885 pp)—1'8 Hefners-at-100 cm.,
Cone. of NaH-tartrate M/30. Temp.—33'5°.

Bum of conc.

Cone. of of Na-H—  Conc. Limits M
tartaric tartrate and of Py Induction of ean
acid. tartaric Br. period. consbant, copet.
acid.
M/10 M/7°5 Nyao0 274 4 ming ‘0174—0101 0140
M/10 M/7T'5 N/50 24 4, 02850192 0245
3M/10 M/3 N/30 1'9 7 . *0139—"0126 ‘0134
29M/30 M N/30 14 117 ., *0168—"0164 ‘0165

It will be seen by comparing the above data with those in abgence
of NaH-tartrate given in Table XII that the presence of NaH-
tartrate greatly accelerates the reaction and diminishes the period
of induction. Again from Table XX it will appear that keeping the
jnitial bromine concentration constant at N/30, if the pE value of

the solution is diminished, i.e., the concentration of hydrogen ion is
increased, the induction period for weak light (1'3 Hefners)
increases. It should be noticed also that the unimolecular constant
simulteneously increases.

It will also appear from Table XXT, where the ratios of the'velocity
constanta are compared with intensity ratios, that the ratios of the

14



356 J. C. GHOSH AND E. P. BASU

corresponding velocity constants is equal to the ratio of the square
root of the intensities of incident radiation.
Taspe XXI.
Cone. of NaH-tartrate— M /30 throughout.

Conc. of tartaric Bum of cone. Cone. of Ratio of square root  Ratio of velocity

acid. of NsH- bromine. of intensities. constants.
tartrate and
tarteric acid,
. 384 _q. 0217 _ .
M/10 M/T5 N/30 ,\/1-_3 17 0140 6
*0267
8M/10 M . 17 4B —g0
/ s : e
. 0310 _ ..
29M/30 M " 17 ﬁﬂT_l 9
0385 .
M/10 : : =18
/ M/7°5 N/G0 17 0245
Mean — 1'85

Effect of Hydrobromlc Acld,

Since HBris one of the products of reaction it was thought
advisable to note its effect on the reaction. It was also felt that
since pa has a2 large influence on the period of induction as just
noted, addition of HBr to the reaction mixture previous to exposure
to light might furnish a clue as to the mechanism of induction period.

Tables XXII, XXIII, XXIV give the typical data while Table
XXV summarises all the observations.

TapLe XXII.
Intensity of light (488 5px)—11°5 Hefners-at-100 cm.
Tartaric acid—M /3. Bromine—N/30. Initial conc. of HBr—Zero.

Temp.—33'8°.
Unimolecular cone- Induction period.
Time in mins. N/200 Bromine. tant.

0 12°9 c.c. - Nil

B 107 0162
16 9 01492
26 62 0122

39 1'66 ‘0116

66 318 0109
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TarLe XXITI.
HBr—N/200 ; other conditions same as in Table XXIT.

Time in mins. N/200 Bromine. Constant. Period of induce
tion.
0 131 c.c. — 2 minutes
§ 19716 —
16 97 00889
26 a1 *00838
46 56 *00820
64 42 ‘00782
TasLe XXIV,
HBr— N/100 ; other conditions same as in Table XXTT.
Time in mins. N/200 Bromine. Coust, Pez'_iod of induee
ion,
1] 13'05 c.c. - 17 minutes.
125 —
15 1115 -
30 g8 00685
45 8'7 00787
60 53 ‘00787
TaBLEXXXV.

Intensity of light (488°5up)—11'5 Hefners-at-100 cm.
Tartaric acid— M/3. Bromine—N/30. Temp.—33°3°.

Initial cong. Period  of Limits of unimolecular Mean constant.
of HBr. indoction, constant,

Nil Nil *016 —'0109 “0140

N/200 2 mins. *0088Y— 00782 *0083

N/150 3 mins. 00845 — 00779 '0080

N/100 17 mins. *00737 — 00685 ‘0072

N/15 22 mins. -00687 — 008356 -0066
*00598 — 00552 ‘00675

N/50 35 mins.
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It will thus transpire from the foregoing results that addition of
HBr diminishes the veloeity of the reaction but increases considerably
the period of induction. It also introduces an induction period
where there was none. The effect increases with inceasing concen-
tration of the HBr added initially. It will also be seen from above
date that if no HBr be added initially, although there is no indue-
tion period, the velocity constants diminish very rapidly (vide Table
XXII). If, however, wo add some HDBr to start with, the period of
induction, the duration of which is proportional to the amount of
HBr added, makes its appearance but the velocity comstants do not
diminish so rapidly. Such results are indeed to be ezpected. In
the absence of any HBr, as the reaction proceeds, HBr is generated
and gives rise to H' ions the concentration of which thus changes
considerably relatively to the initisl concentration. As we have
already seen H* ions act retardingly on the reaction and thus greatly
diminish the velocity of reaction. If, however, HBr be added
initially, the relative increase in the concentration of H* ion is not
considerable and therefore the retarding influence on the veloeity of
the reaction does not increase to very great extent. In presence of
HBr, the duration of the induction period should, therefore, be pro-
portional to the concentration of HBr added and the velocity cons-
tants should not diminish es rapidly as in its absence.

The experiments in presence of HBr thus throw a good deal of
light on the mechanism of the reaction and we intend to discuss it
more thoroughly in a subsequent paper.

Photochemical After-effect.—We have investigated more fully
the after-effect exhibited by this reaction. The reaction mixture
was first exposed for short periods to intense parallel radiation from
1000 c.p. pointro-lite lamp using Cub0, and KNO, filters and then
quickly transferred to darkness. The after-effect persisted for about
half-an-hour. Table XXVI indicates the typical result and Table
XXVII summarises the observations. The constants have been
calculated in the same way as in Part I. The intensity of the ra-
diation was 72 Hefners-at-100 em., concentration of tartaric acid
M/3 and that of bromine N/30. Temperature was maintained a$
a2°,
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TasLe XXVI.
Time in mina. N/200 Browine. Unimolecular oonstants lar
after-efect.
0 18°5 c.o.

After illumingtion for 5 mips. kept in the dark and then

0 97
5% 90 -0425
16 85 0864
25 58 *0272

Final 8°0

Time of exposure Limite of const. for Mean const, for Unimeleoular canat.

in miops. after-efect. after-effect. for the light resction
under ssme condi-
tiona,
[ 0425 — *0354 *0885
8 0396 ~ 0331 ‘0866 ‘0918
16 ‘0526 —="0417 "0423
25 ‘0451 — 0369 ‘0400

It will be seen that the veloeity coefficient for the after-effect is
of the same order as obtained in Part I and does not depend on the
period for which the system is illuminated before it is removed to
darkness.

Reactions in Red Light.—We tried to find out if the addition of
a blue substance like CuSO, to the reaction mixture would maka
the reaction proceed quickly in red light which is practienlly not
absorbed at all by bromine solutions. For this purpose the reaation
without any CuB80, was first carried out in red light obtained by
using methyl violet and potassium chromate filters, Tha reaation in
red light shows & very large period of induction and then prooecds
very slowly. Table XXYVTIIT gives only a few of our observationa.
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TasLe XXVIII.

Intensity of incident radiation (665" 9up)—68 Hefners-at-100 cm.

Temp.—33.7°.
Conc. of tartaric Conec. of Induction period. Limits of uni- Mean constant.
acid. bromine, molecular con-
stant.
M/15 N/30 50 mins. *0012 — 00099 “0010
M/3 " 100 ,, 00201 - 00185 00192
M/3 N/16 210 ,, *0070~ 0066 *0068

The addition of CuSO, in all cases increased the induction period
and diminished the velocity constants.

CEENICAL LABORATORY,
UNIvERSITY oFf DAgCa. Received March 14, 1928.



