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Thermal Analysis of the Reduction of Chromic
Acid by Some Organic Acids.

— in the dark and photochemical reactions of chromic

acid with oxalic acid and tartaric acid. —
by
Yoshio Nakanishi

Abstract

Dahr and his co-workers studied the reaction velocities of the reduction of chromme acid
first by oxalic acid and Jater by lartaric acid and they have shown that, when the concen-
trations of those organic acids are in excess, the reduction proceeds in the first order in the
former case, while in the zero order in the latier,. The velocities of the reduction in both cases
become larger by the exposure to light, but the order of cach reaction remains unchanged.

Nevertheless, those investigations have been all made by means of chemical analysis, which
would be inadequate to the reactions in their earlier stages. For these reaclions are consi-
derably rapid, so that they give much difficulty for their continuous measurement.

‘I'he author made experiments on the dark and pliotochemical teactions of chromic acid
by means of thermal analysis invented by Prof Horiba and tried to elucidate the reaction
" mechanism, calculating. the reaction velocities and the reaction heat, and at once prove the
applicability of thermal analysis even lo reactions in solution. '

dT'I'his investigation was mainly devoted to the measurement of the change of reaction heat
~dt
make the exact and successive measurement of the reaction velocity,

), and so could make up for some deficiency in chemical analysis, and enabled a3 to

Our fundamental equation will be wrilten :as follows :

AT Qb
T-i"[x-_flT—“, L et (1)

where I is the cooling constant, when the Newton Law of cooling is applied. If the reaction

is of the first order type,

dx

— =, ap—Eal-

dt s |
Putting this in (1), we have

dT
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and, taking the logarithm,

dT

2y i)‘
tog [SL 4K - 4T] = log 22— 2808,

W kat

Then if we plot the values log[ifi'{i-ﬂc- 4T | obtained directly

from the experiments against the time t, we must have a straight line as shown in Fig, V ; now '’
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the velocity constant k, will be calculated from the inclination of this straight line and the

heat of reaction QQ from the length of the ordinate at t=0. T this Way we can easily
obtain ‘the velocity constant and-at the same time-the heat of reaction,

If the maximum rise of lemperature in calorimetric experiments is less than 1°C, the cor-
rection of ky with temperohlré is negligible, but, if necessary, the correction is possible.

In the case of the zero order thé equation will be as follows :

dx
T ke
When this equation is put in (1). (-‘-la{'—+K--dT) should be constant at any time. Therefore,

the heat of reaction Q@ will be gained [rom the equation :

t
T dem 2\ s
SdT+KSnAI‘ dt—WS dx.

o 0

The results of the experiments obtained by thermal analysis coincide as a whole wilh those
of Dahr, but the author has found a peculiarity in the earlier stage of the reaction between
chromic acid and oxalic acid, that is, this reaction is throughout of the first order type, but it
proceeds in two stages, having different values of velocity constant (Fig. VIII). The observa-
tion of this earlier stage of the reaction is impossible by any ordinary chemical methods and
the velocity constant of the later slage obtained’ by thermal analysis agrees well with that of
chemical analysis. Tn other words, thermal analysis shows quite distinctly the change in the
earlier slage of ihe reaction which has not been-observed by ordinary methods. This mecha-
nism of the rediction is so complex and the reactions of what are formed in the process of
the reduction as intermediate products are hard to consider, It is clear from the results gained
by means of thermal analysis that this reaction is of the first order and that il proceeds in
two stages. In Lhe case of the reaction between chromic acid and tartaric acid, the reaction
proceeds in the zero from the beginning: These: results were quile the same in the exposure
to light, only showing somewhat higher values of the velocity constants.

The temperature coefficients in the dark and photochemical reactions aml the influence of
light coincide well with the results gained by the said investigators.

The heat of reaction between chromic acid and oxalic acid is 279 Keal, and that of the
reaction between chromic acid and tartaric acid 208 Kcal, These values agree entirely well with
those calculated from thermochemical data.

The Laboratory of Physical Chemistry,
Kyoto Imperial University, Nippon.
July, 1934.
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1) N. R. Dhar, J. Chem. Soc, 111, 707({1917) 123, 1B56(1923)
2) A. N Dey and N. R, Dhar, Z. Elektrochem, 32, 586(1026)

3) A. K. Bhattacharya.and N. R. Dhar, Z, anorg, Chem., 176, 377{1928)
4) i, N ARZE 1 JREL 146 (1927),
1" i DI P 1 (1030).
mig, e o o6, o 16 (1932)
wgl, w8, - 47 (1982).




YEEZEOES Vol.

98 (FHE) (hH) FHMEE RS 2 0 2 BEOETLOBMRYT

T2 %0 b ERORICITHERO —EE FRMBFC ) VT ke, {HEMORE & RIER
EOTBIEN I L P ZIRIKERAEL., —ERMoRRELD P 3 RIEFRICERRR EOK
| EMBERE AT RIEY kD 5. BREEERIE IR 2 v ARk & RHE L TR b T
BAMICHEEE L RRIETH D 7 v AFEORITEYE LA RE X 7 16 Y — ¥ D 120N Tl
ELTEDR.

b) JEfk & XK

ﬁi‘:ﬂ:Eﬁﬁ@@&?—‘@%ﬁ’ﬁ&ﬁlﬂﬁﬁ&lia‘kom (ThHB. vl X~ - BRI REED
BRLB2(RA—RFELPCZEREL, 1FCEOMBHICE 2WMCUTEL ) EORH L
FEAEDL LB L. REELTIZ=YFNFT 2R ¥ v ¥ 257 IR EMOG., BEEL 7 =
LfEs O REOKRITIZI0007 ¥ FOERY, AL 7 v AFE O REOCHAICITIS0Y ¥
PO LD EEM L. WTEMATEL BB RIEGICHE T 3 F ) Fic B o S EEL,
1 23080 AR K B IS OEEIREAOE AN iSRRI LSRR e s 3 25D T
HERE L 7707 T LTRESRIG REOSA t AR, RBEowmReEmnL, v=y
A= ¥~ NEOEESHEEORIE L TR RT3 L HOTRILL YL, RICHKZ R
AL, HOBENNLEMMCEED EREHAL.

' ®E # X
8)) :%iﬂtﬁ_fﬁ (K) BkER (W)

Ahny -7 —ENMOTERTACEY, ESZo%E2B0M N REBKERERDS
P 5. Sk RECRA T ZEo MMk R 4 £ 2 A 2 B HE0 Y
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Table 1.
Water 1500 c.¢., Resistance of Pt wire 0.809 ohnu

Room v o - W
T i q
; temperature - ; 2 Water eruivalenty |fConst.of cm]mg
No. oeix b, <) Temp. of bath)| (amp) | (¢al/min) ( (ncan) ) (vcluc.ty cmem))

1 21 25 0.0005 07 | 5684 1741 0.01720
2. 18 5 . 0.80 | 7.4% 1738 0.01716
3 22 0 . 0.80 7.495 172.8 0.01722
4 17 35 o 0.80 | 7.425 174.0 0.01719

Mean ~smeeierainns 172.9 cal 0.01719

(1) 34 47 & W () EBEREERRER
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I T RIS L Rahi s e, — =0y aag Fige I X Fig, IL ez o
TH 3. MEFHEE T k3 BUTEEBHS 306 ERi#RTE (Bailodhieily 3558
B2 BB Lye. difRic 20, 25°, 30°, 85 rRld BlitolEY T omoiEoiE
¥t Tig L & Fig IL Icitg 31, 2 8, i3k ckndir 7T,
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No. Conc. of chromic acid I Conc. of oxalic acid
1 0.02 N 04 N
] 02 N 0.3 N
3 001 N 0.3 N
Fig. [T,
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L A 1 1 1 1
2 4 6 4 10 2 1% K 17
Na. Conc. of chromic acid | Comc. of tartaric acid
1 0.02 N 0.8 N
2 0.02 N 0.6 N
3 001l N 0.T N
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Chromie acid 0,02 N, uxalic acid 0.4 N, T.=20°+0.0005.
Time (min.) cc of NaygS,0, k,

ceenenneee0, 1205
syspontssesiamasswsate ol TR
cvmreesannneren0,1310
-+-.-0,1280)

0.1308.--.--.-.mean

Chromic acid 0,02 N, oxalic acid 0.3 N, T,=20"+0.0005.

Time (min.} ce of Na,5,0, k,

-++25.00

- aiasivesseeisriessiieses 0.06092
15.48) 0.069

5]]55) """"""""""" creee-0.0688

0.0688.+«.s s mean

Chromic acid 0.0203 N, lartaric acid 0.8 N, T,=30°-]0.0005.

Time (nin.) cc of Na,S.0, k,
.................................... 30.13

RN . 1 (| NPT VSR PORIPOSt | 18 111 11)
ersnsB0,TH rsisssisinnnssiiransasainaes 0.10377
cenn]T.B0 ciover nienieienanieren e 0.10396
eeinnesranresan] D BT divsicemesresivainre venaanss,09870
FUISRRIRI + 1 | SEPTOUSIPOT evmaemaemnan ~.0,00687

0.10200---«u-+.- mean

>

(5
*

~3 T = ﬁ.ﬂ
DRI
i

Chromic acid 0.0203 N, tartaric acid=0.7 N, T,=30"+0.0005.

Time (min.) cc of Na 50, k,
[EEEEERIESERN - 1 5 ]
DA DT saniiiiiriarsadsavisaioiiinik 0.08562
simssessissssarencs ;08759
1970 seerrtmramenes - :-0.08654
17.49 iceverriomionnssoraererens +0,08390
B-snesmmsemcthipanarmgorsinancian IB Y sssass-iasvassiasnsninininns{);08276

0.08524 s+ ssecrmean

(LS HTRIT X 0 LD 2 D BHE I TR O 5 BEHE k & k offfkFERHitg Table
2 @il .
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‘I'able 2,

Velocity constants in the dark reaction obtained by chemical method.

= j Conc. of 9 e " Conc. ol -
ban 0| chremic | SR | comrant )] bath oG | Shromic | o Sl conetonihe
204-0.0005 [ 0.02 N 0.4 N 0.1308 30:£0.00056 | 0.02 N 08 N 0.10200
" 0.02 03 0.U588 " 0.02 0.7 0.08524
" 0.01 0.3 0.0693 " 0.01 0.8 0.10388
,250,0005 | 0.02 0.2 0.1010 » 0.01 0.6 0.06783
" 0.01 0.3 0.1025 30£0.0000 | 0.02 0.8 0.14177
" 0.0137 1/3 0.1200 - 0.02 0.7 0.11215
30£0,0005 | 0.01 0.3 0.1577 " 0.02 0.6 0,08783
" 0.0137 830 0.1096 " 0.01 0.6 0.09047
" 0.0137 1/3 0.1921

(I} LR EERERER
K e Mg LicliEo KBS Ro Z =0 ¥R Fig. 111, & Fig. IV. oL, iRt
To (T{HEMOEKE FoR L, db#iIC], 2 3, LHE2 2 X0FE 7. ANKRIERKED L
aERT.

Vige, [T

No. conc, of Chromic acid. Cone. of oxalic acid.
1 0.02 N 04 N
9 0.02 N 03 N
3 0.0l N 0.1 N

—_ 237 —
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Fig, UL i lLrz-Mi¢ LT LRty (DHRNichoCiFive 3 = fl % 5wid Table
3, Table 4, Table 5 aunl_, FiTT To |XTEFEORRE, 4T j::bw Yy 2—F—ANERE BIFE
LoulEE. s, U i bR K AN ST RARE, & 12—
RS TH 5.
T'able 3. {Dark reaction)

Chromic acid 0.0204 N, oxalic acid 0.4 N, T,=20.06°C.

No AT(°C) t (min) : % K- AT T?- . %:— lﬁg—_\rQV_ . _:”tx— k,
1 0.050 | 0.69 \ 0.07547 1.00085 0.07632 ~1.11736
P 0.150 212 | 0.06818 0,00257 0.07075 —1.15027
3 0.200 2.5 0.06551 0600343 0.06894 —~1.16158 |}k, =0.05501
{ 0.250 3.66 |, 0.06190 6.00420 0.06619 —1.17921 J
5 0.300 451 | 0.05757 £.00515 0.06272 —1.20259
6 0.350 5.4 0.05000 £.00601 0.03801 —1.95173
7 0.400 as2 | 004154 0.00687 0.04841 —1,31506
8 0.450 7.90 I 0.03333 0.00773 0.04106 —1.38658 | 3k,=0.1360
q 0.475 8.7 0.02727 0.00816 0.03343 —1.45063
10 0.500 9.87 | o.0z27 0.00859 0.03131 —1.50432
11 0.525 | 10.98 | 0.01653 000901 0.02554 —1.50278
12 0540 | 1205 | — S E -
Table 4. (Dark reaction)

Chromic acid 0.0200 N, oxalic acid 0.3 N, T;=25.0°C.

_— o aT K Q de Q ax .
Neo AT(*C}) L {min) = K « AT - =i logT g k,
1 0.0a0 0.80 | 0.068470 0.00085 0.068555 —1.18343
2 0.100 .60 | 0,06285 ¢.00171 0.06456 —1.19002 1
3 0.130 2.44 f 0.03862 0.00257 0.06119 —1.21332 I,I-tl”.=0.0e5-11

— 2 —
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108 (F#) (b)) AdEkictks 7 o 2 BOETORMEN
¢ 0.200 | 3.35 0.05526 | 0.00343 | 0.05869 | —1.23144 J
5 0.250 | 4.33 0.05121 | 0.00420 | 0.05550 | —1.25671
7 0.300 | 5.30 0.04541 | 0.00515 | 0.04956 | —1.30487
6 0.350 | 6.63 0.03636 | 000601 | 0.04237 | —1.37294
8 0400 | 8.5 0.03061 | 0.00887 | 0.03748 | —1.43020 |k, =0,0976
9 0.425 | 9.00 0.02777 | 0.00730 | 0.03507 | —1.45506
10 0.450 | 10.16 0.02353 | 0.00773 | 0.08126 | —1.50501
11 0.475 | 11.55 0.01845 | 0.00816 | 0.02661 | —1.57496
Table 5, (Light reaction)
Chromic acid 0.0200 N, oxalit acid 0.3 N, T, =%5.0°C.
No | AT (°C) | t (min) i_'f Kest |2, :‘i_-‘; log% . % %,
1 0.030 | 054 0.05500 | 0.00085 | 0.06585 | —1.18144
2 0100 | 1.54 0.08250 | 0.00171 | 0.06421 —1.19240
3 0.150 2.38 0.06034 : 0.00257 0 06291 —1.20128 |k’=0.0783
4 0.200 | 8.2 0.05714 000343 | 0.06057 | —1.21774
5 0250 | 4.18 0.05357 | 0.00420 | 005786 | —1.23762
6 0.300 | 5.13 0.04918 | 000515 | 0.05433 | —1.26496
7 0.350 | 6.25 0.04333 | 000601 | 0.0093¢ | —1.30680
8 0.400 7.58 0.03520 | 0.00687 004216 —1.37510
9 0.425 | 8.5 0.03000 | 0.00730 | 1.08730 —1.42829 | ya=0.1116
10 0.450 | 9.27 0.02727 | 00072 | 0.08500 | —1.4550%
1 0.475 | 10.25 0.02285 | 0.00816 | 0.03101 | —1.50000
12 0.500 | 11.55 0.01774 ‘ 0.00839 | 0.02633 | —1.57055 |
13 0.525 | 13.15 0.01282 | 000901 | 0.02183 | —1.860%
A% log[ S-+K + 4T | —t ChLISRE 2 —frRT & Fig. VL & Fig. VIL ol

2 Ak LTho £ { o E&IT it 285 LR RO LB RIE O B RS STt v T s S
ki BUHESA (QF) %KW 7B L EREGFERTE Table 6 ©4nL. B LILDFSH ki ot
HEEEO SIS KB 2T b RER () TR IHEL TRBZMTH 200 Q' o il
HEOM I VEARICHT3HR T, HOoBRB L CXERFLT 23T 5.

Table 6.
Chromic acid and oxalic acid

Velocity constants in the dark reaction and the photochemical one, and
reaction heat (Q) by thermal analysis,

No, of | Temp. of Conc, of Conc. of . Qka -
exp. | bath(in °C) | chromic acid | oxalic acid | 1% W ¥y Dark Q' Kemt Ky vigh
1 20£0.0006 | 0.0204 N 04N -0.932 0.1360 204.8 0.1566
2 " 0.0202 0.3 -1.29¢ 0.0683 a211.1 0.0775
a W 0.0105 - 0.3 —~1.488 0.0670 217.1 0.0776
4 25=+0.0005 | 0.0202 0.4 -0.772 0.2003 205.6 0.228%
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EEPOES Vol 9 (1935)

ChPE) AR (X3 7 » S BEDBTTOMRIT (FR) 107
5 950.0005 | 0.0200 ) ~1.076 0.0976 30L.6 0.1116
6 " 0.0105 0.3 —1.335 0.1013 305.8 0.1151
7 “ 0.0138 830 —1.335 0.0741 S14.4 —_—
8 " 0.0136 1/3 -1.130 0.1289 308.7 e
9 30+0.0005 { 0.0202 0.4 —0.575 0.2908 318.9 0.2066
10 " 0.0203 0.3 —0.928 0.1416 290.7 0.1614
11 “ 0.0100 0.3 —1.205 0.1450 300.5 0.1638
12 " 0.0137 80 —1.210 0.1096 295.5 e
13 " 0.0137 1/3 —0.972 (.1980 285.0 -—
IMEAN  s=svansnssarass 303.1

MRV T2 RECR2FES Q LA L2MfixRivT & Table 7T oz LTHTR
a3 —HEXRELTHB.

Table 7,

Chromic acid and oxalic acid.
Reaction Heat {Q) calculated by the rquation—

- 1
| K Sa’]‘ « dt4 :1'I'=—m—x ] of thermal analysis
e

No Cone, of| Conc. of =i

;xp: Ty oxa_lxc chrolfmc L (min) ATee K«8 AT4KS Xmol X 10 0 eal
acid acid
1 (20 0.4 N | 0.0204N 10.0 | 0.506 0.05163 0.55763 346 280
2 |20( 0.3 0.0202 14.0 | 0.430 0.05047 0.48947 214 289
3 40| 0.3 0,0105 13,0 0.213 0.N2603 0.23903 151 276
4 95 | 0. 0.0202 8.0 0.549 004718 0.63718 304 281
5 (25| 0.3 0.0200 10.0 | 0.448 004373 0,43223 200 256
6 |25 0.3 0.0105 1.0 | 0.254 0.02924 0.28324 177 278
7|25 | 830 0.0138 1.0 | 0.286 0.03396 .31996 202 275
8 |25 I3 0.013¢ 10,0 [ 0.340 0,03544 0.37544 | 24 267
9 30| 0.4 0.0202 8.0 0.594 0.05299 0.646090 418 270
10 | 40 [ 0.3 0.0203 10.0 | 0.525 0.05603 0.58103 a6t 285
11 30| 0.3 0.0100 10.0 0,280 0.03046 0.31046 40 284
12 | 30| 8f30 0.0137 1L0 | 0.324 0.03997 0.36197 225 a7
13 130 1/3 0.0137 8.0 0.366 0.03216 0.39816 241 287
DL

— e - -
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YEEFE 0L Vol. 9 (1935) .

4 (PT) HEEC 3 7 v 2 BOETCORNT (E#) 108

() ERELIDLEEEOREE
BRI 1T LB EEO RS I 2 E Ao “=o gl T3 Fig 1L, Fig
IVicR e { it LT A Ric & b RRESE (Q) RREEEBEREE (ko) ER®7AERDO Z=Z0H
¥ Raid Table, 8, Table. 9, Table, 10, Talle, 11 »&L .
Table 8,
Chromic acid and tartaric acid.
Heat of reaction (Q) by thermal amalysis.

No | TR T | vomnie acid | artonis acia| (@) | AT | K-S |snax10-0 | Qe
1 25 . 0,0102 0.7 3 0.136 0.00974 118 213
2 25 0.0102 0.8 10 0.193 0.0179 188 185
3 25 0.0199 0.7 i 0.288 0.02359 272 105
4 30 0.0103 0.6 8 0.151 0.01089 133 211
5 30 0,0102 0.7 G 0.146 0.00744 124 214

30 0.0102 0.8 6 0.175 0.00941 151 211
7 ao 0.0199 0.6 7 0.265 0.01548 223 218
8 30 0.0202 0.7 8 0.370 0.02586 230 208
9 a0 0.0202 0.8 7 0.385 0.0237¢ 340 208

10 35 0.0102 0.5 8 0.156 0.01110 140 206

11 35 ©.0203 0.6 3 0.275 0.01201 242 205
12 A 0.0200 0.7 4 0.270 0.00947 242 218

13 35 0.0200 0.8 b 0.397 0.01725 343 210

MEATIssrsiromnasnes 208
‘I'able 9. (Dark reaction]
Chromie acid 0.0199 N, and tartaric acid 0.8 N. T,=25.0°C,
. dT dx dx

No AT(*C} t (min) — K» AT % T - kg
1 0.050 1.17 0.04160 0.00085 0.04245
2 0,075 1.75 0.04116 0.00128 0.04241
3 0,100 2.38 0.04085 0.00171 |  0.04256
4 0.125 2.94 0.04023 0.00214 0.04237
5 0.150 857 0.03900 0.00257 0.04157
G 0.175 4.20 0.03561 (L.00300 0.04161
7 0,200 4.88 0.03820 0,00343 0.04163 | 3467 x 107" 0.06940
8 0.225 5.56 0.03715 0.0038%6 0.04101
9 0 256 6.15 0.03671 0.00429 0.04100

1¢ 0.275 7.00 (.03586 0.00472 0.04058

11 0.200 7.97 0.03381 0.00515 0.03896

12 0.350 9.45

13 0.400 11.48 mean.«sses| 0.04147

—_— D —
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10 () OpmE) A7BREIS {3 2 = 2 BED B OB
"able 10. (Dark reactjon)
Chromic aacid 0.0199 X, tartaric acid 0.7 N, 1,=25.0° C.
. ; dT e Q dx dx .
No AT (C) t {min) —_ K« AT e = ko
1 0.050 1.43 0.03503 0.00085 0.03588
2 0.075 2,08 0.013460 0.00128 0.03588
a 0.100 286 0.03348 000171 0.03519
1 0125 2.5 0.03289 0.00214 | 0.03503
5 0.150 4.35 0.05233 0,00257 0.03490
] 0.175 5.08 0.03193 0.00800 0.03492 | 2907 x 10" 0.05819
T 0.20) 5.91 0,03154 0.00343 0.034907
8 0.225 G.G8 0.03075 0.003%6 0.02461
it} 0.250 7-5d 0.03023 0.00429 1.03452
10 0.275 3.50 0.029-48 0.00472 0.03420
11 0.300 9.44 0.02725 0.00513 0.03240
12 0.351 11.45
13 0400 | 13.84 meapce= 03T
Table 11. [Light reaclion]
Chromi¢ acid 0.0199 N. and Tartaric acid 0.8 N. 'I;;=25.0°C.
¢ e @ dT Q dx dx ]
No AT (°C) t (min) Ty K.« AT R e i Lo
1 0.050 1.10 0.04429 0.00085 0.04514
2 0.075 1.62 0.04388 0.001238 0.04516
3 0.100 2.20 0.04344 0.00171 00.4515
4 0.125 2.80 0.04264 0.00214 0.04474
a 0.150 3,36 0.04200 0.00257 0.04457
6 0.175 3.07 0.04157 0.00300 0.04457 3710 10— 0.07427
7 0.200 4.568 0.04100 0,00343 0.04143
B 0.225 8.2 0.04043 0.00336 0.04429
it 0.250 a.86 0.04000 0.00429 0.04429
10 0.275 6.54 0.03912 0.00472 0,04384
11 0.300 7.24 0.030678 0.00515 0.04193
12 0.350 8.78
13 0_400 10.5 MCAN«e=ses G.04437
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(rhdE) ABEEI (%3 7 w 2 BADIETLORARHT (5H) 111

PIILD B LD T 2 0 B &I KT D07 2L Y (o A B R B D PR 1T 36T 4 e 2 3 HESR A
ko % ErG ¥ e Table 12 (257 3mL.
Table 12,

Chromic acid and tartaric acid.

Velocity constants in the dark reaction and the photochemical vne by thermal analysis,

’ : - Conc. of . )
'1\:.?1.(: ik '((?-f) o e Tox107 | gl Tox 107" Liéﬁt.
1 2500005 [ 0.0199N | 0.8 N 3407 0.06940 3710 0,07427
2 0.0199 0.7 2007 0.05819 _— —
3 0.0202 0.6 2989 0.04532 2431 0.04012
4 # 0.0102 0.8 1787 0.07014 1960 0.07717
5 " 0.0102 0.7 1446 0.05678 1618 0.06351
G i 0.0102 0.6 1226 0.04812 —_ —
7 30 £0.0005 | 0.0203 0.8 5227 0,10310 5568 0.10980
8 % 0.0203 0.7 4325 0,08534 4555 0.0388
] " 0.0199 0.6 © 3408 0,06823 3710 0.07438
10 “ 0.0102 0.8 2670 0.10480 2850 0.11220
11 #" 0.0102 0.7 2195 0.08616 —_ _
12 ¥ 0.0103 0.6 1720 0.06751 e J—
13 $520.0005 | 0.0201 0.8 6Y97 0.15930 7283 0.,14500
14 " 0.0201 0.7 5752 0.11450 5047 0.11850
15 f 0.0203 0.6 4572 0.09008 4755 0.09369
16 " 0.0102 0.7 2086 0.11720 3127 0.12270
17 " 0.0102 0.6 2412 0.09472 — _—
REBEROER

) 1ng[—:t3+K AT — t mo%E

a

W) BEEE 7w ABRLDREEOIHAIEIC X BRI —KRERER b=——in
ICTHUEIRR ki LoROBIC ki DR —ET a8 Bic. BRIFICHTII—AREZ 2851
DRARIF 3.

e log[%—--l—}{ . _d']']:]og Q\':;“ _ 2253 =g 3 . ?: vrreneemamemraesassensns (7)
AFNO /B LR ¢ LOBRERFT 3 & Fig. VIIL © A ofn  tigliid e B+ 2%
2 b HERIC MTITBVUIICTRT BCD oM< 3% C ICHTEBOBD L Ri. Wil ou2
RN L R AL SRR D B A AT BRI B 7e. 1T RIS WA TI2 MR
OEREBELEHORERAE. REOREOMBRORE HICHHBAKICRCTEXSED
EELHID. O 2ZFRERE LE D 5 23 0 2 FsMehik L1982 el Rdsin & o |- B
Le. il LTUARO MR E D BN k0 %RD7 3 ITILBEMTEIT X DRBIAS &, O
EUHROEERI L CD OBWAITRT—HT 28R E 7. HZ BC OHsMTR T $Iic—X
JEIC L TRIIIED 158D RIEH()”) RO BITKBICHRT—HE R, 774500 Keal T
SRl 2 e,

— 97—
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12 (FH) (PPE) HBEEISHK S 7 2 BOBSTOB RN

Fig. VIJ1. BT EOBEENGERCEZ 2 A
+ RO BIARE B8+ 5T ito K
(TPEERAICHED s —ERDIER N ¥ 75—
REMET, PiEHE L Tii0 R ICH
RO bOXEL, LozsEaRLEv
o LR L), Kot sn)E
BEX 14 % Harcourt and Esson® i~ o
H U ERDBERIT X ZBITOIHCHG 348
mH~bhz b HOBEL OB
BHTHETSE D, (A EROWKITHES
ADELEE~L S,
MLTMRNic & b S Q g ko3
b, KEOHIML i3 T A lgIc
TaRaiLaim  HikY A TR b —E
HER BT t=0 T2 3 log Q“I:;a @
*mx{rm:wkabanamraﬁormrﬂ Q %:fk&ofﬁirsfﬂﬁx% fFL s D tn { B EHE
YETIOoCATEENEES RS Q, ¥ Roaicik C MR 2BETROAROED
K & IR L TR0 RESR Q Ao 3. W3 ITEMiTkic L b el le
SHTEEC L DML 3D 27 NIRRT 5 — 2D Rk H 355 B e, EASIRIE
BTG 2HBESD CD O#rhb RSB 2ELITIE THEBLEDZHICT .

b) EAREL 7w AREE OO LBESHECIRSEIUL Dey S0HICHRE3 A 7w
AR THR R SEDEEOEEE R —H L. BURITECED S —t BFRIRAE
B g IX. CREamEMmERL, REDYL ) KBS0 REICHRT &(%Jﬁﬁl@&%
BERL7e. BIBLESIT SRR R T, il LOEERY (k) 2ROEDICEROFEITEK
BESILLE B —B e R, HEROBRICRTE S 7 » ABORIERD THAT 2 ICONTHRK
L~ R REOW ¢ i HTXRR LEFCHITENBRTS S,

i) BBREREERHTEREOHE Fig. IX.
I MITEO RS T 2 RIS INC R 28 '§F§
(L BAPRICIR DAL  HiEES I Table 13, I A
R INE B TRIFE 35—k Ric. T
Table 13, ITHT To 1T BERIEE ¥nT.

5) A. V. Harcourt ard W..Esson Phil. Trans, 156, 193 (1860): Proc. Roy. Sec, 14, 470 (1363)
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(hg) HBEEIMKA 7 o 2 BEOFETCOBEH (R#) 113

Table 13.
The comparisson of velocity constants by (hermal analysis with those by chemical

analysis in the dark reaction.

. Cone. f’f Cone. of K, - k, Conc. of | Cone. of ko » k,
| e | S0 2 (oo Thara| 7, | chromic | e | i (Thrbs
20| 0.0200 X | 04N 0.1308 0.1380 a0 | 0.02N 08 N ‘ 0.10200 0,10310
20 | 0.0200 0.3 0.0338 0.0663 3n | 0.02 0.7 | 0.08524 0.08534
20 | 0.0100 0.3 0.0693 0.068n 30 0.01. 0.8 ‘ 0.10366 0.10480
25 | 0.0200 0.3 0.1010 0.0976 30 | 0.01 0.6 | 0.06783 0.06751
25 | 0.0100 0.3 0.1025 0.1013 3 | 0.02 0.8 | 0.14177 0.13930
95 | 0.0137 1/3 0.1200 0.1280 35 | 0.02 0.7 011315 0.11450
30 | 0,0100 0.3 0.1577 0. 1450 3| 0.02 0.6 0.08783 0.09008
30 | 0.0137 8130 0.1095 0.1095 g3 | 0.01 0.6 | 0.09047 0.09472
30 | 0.0137 175 0.1921 10,1989

|

i) % © & @
B SRS (C R AL BR MED 3B A T B3R Y LT B & Table 14, ICRZNBMCE
iC & ) TG RES RIS bR LEE IR

Table 14.
The Influence of Light
Light source: 100V—I000W Tungsten-filiment lamp, supplied with 0.5 amp, from a 110V
battery, through a lght filter——30zm of water in length and CuSO, solution.

Conc of Crme. of k, k Temp, of
chromic acid oxalic acid Dark Light kpi/kp bath in C°
0.02 N 04N 0.1860 0.1566 1.15 20°
0.02 0.3 0.0663 0.0775 116 20
0.01 g 0.0670 0.0776 1.15 20
0.02 v.d 0.2003 0.2282 1.13 25
0.02 4 0.0076 | 00116 1.14 25
0.001 0.3 0.1013 0.1151 1.13 25
0.02 0.4 0.2908 0.2066 1.02 30
0.02 0.3 0.1416 0.1614 1.03 30
0,01 0.3 0,1450 0.1638 . 102 30

— 20—
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I (EHR) (*b7E) ARk (RS 7 o & BEOEROBMEN
Light source: 100V—1500W Tungsten-ilament lamp, supp’ied with 13.5 amp. from a 110V
battery, through a light filter——30cm of water in length and Cu So, solution,

Cone, of Conc. of k, kp kpr/k Temp. of
chromic acid tataric acid Dark Light D+L/ED bath in C°
0.02 N 0.8 N 0.06940 0.07427 1.070 25°
0.02 0.6 0.04532 0.04912 1.080 25
0.01 0.8 0.07014 0.07714 1.099 25
0.01 0.7 0.05678 0.06351 1.118 25
.02 0.8 0.10310 0.10980 1.064 30
0.02 0.7 0.03334 0.08988 1.033 30
0.02 0.6 0.06823 0.07438 1.090 30
0.01 0.8 0.10480 0.11220 1.070 30
0.02 0.8 0.13930 0.14500 1.040 33
0.02 0.7 0.11450 N.11850 1.034 35
0.02 0.6 0.00008 0.09369 1.040 35
0.01 0.7 0.11720 0.12270 1.046 35
iv) 8 B & ®
RIERH kew/k BROZHERT Table 18 oL, D (Is§IUCHE (D+L) (XA

REDQHEXFRT.
Table 15.
Temperature Coeflicient. kypi0/liy

5 k,30°/k,20 - ko35° [k g25°

Ne (t:,'ﬁ::m?: Conc. of il | Conc. of Cune. of ko325
acid oxalic acid | o I D+l chromic acid | tartaric acid 5 DL
1 0.02 N 04 N 2.13 1.90 0.02 X 0.8 2.00 1.95
2 0.0z 0.3 2.13 2,08 0.02 0.7 1.97 —
] 0.02 0.3 2.16 211 0.02 0.6 1.08 1.90
4 0.01 0.7 2.08 1.93
5 0.01 0.6 1.93 1.98

v S DLER, RERESREOEML L REEE
a) 7w ARpBEOBHE & FRERE
7 n ABEOPIBEOBLY REHIECITICREr R0 L BRTRCK I Bre 2, Zof
I THET S LAROINL-

1) With 0.3 N oxalic acid 2) With .7 N tartaric acid

Conc. of chromic acid, | 0.02N 0.01N Conc. of chromic acid. | 0,02N 0.01N

K (20%) seremmvsencennand|  0.0668—0.0670 T (20°) svissnavesnitins 0.05819——0.05678
E,(25°) coremnerrasemanans|  0.0076——0.1013 kp(30°) wornaerensaecennn] 0.08334——0.03616
E,(30°) weememreeenee oo 0,1416——0,1450 E(35°) weemseemsionieraes| 0.11450——0.11720

— 290 —
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(h7E) HEEL k2 2 » A BROETTOBANRT (F#) 115

Be ki & ko 132w 2 BEOWBEOCBLIC Y 0 THOTHEHEL, 7= aBOBE/|
LBk Rk oI RcE3E0s BRLaNbR2z2—-20FBICHTIIEEL 7
v AR O RECEHAIIREOCHMICHT. HAME 7o 2B LOREOHEIE REOCTIA L
) R IR IR — T s e e,

b) HIREEOMBIEOEML & KEME

7w ABEOWBE F—EC LTHBERO REX L+ 3 85Tk0mL.

With 0.20 N chromic acid With 0.0]377 N chromic acid
Cone. of oxalic acid 0.4N 0.3N Conc. of oxalic acid 1/3N 8.30N
k,(20°) 0.1360  0.0663 K, (25°) 0.1280  0.0741
k,(25°) 0.2008 0.0976 k,(30°) 0.1989 0.1085
1, (40°) 0.2008 0.1416
With 0.02 N chromic acid With 0.01 N chromic acid
Conc. of | 4 gy 0.7N 0.6N Conc. of tataric acid | 0.8N 07N
tartaric acid
k,(30°) 0.103(0  0.08534 0.06323 ky(25°) 0.07014 0.05678
) =0 20 1145 .
ko(33°) 0.13930 0.11450 0.09008 ko(30°) 0.10480  0.08616
kq(26°) 0:06940 0.05819  0.04532 -

HHLEOR Y L ICEERFENROMBEOSE T ki X kb OfiCiFEcE8Ts58
5. —fRic i Foind REOBERARN1TIHE~LILS.

_%=(kc,g)(;',ﬂ=1{c;" arssasmssassssare snesrasemsenssnsensasenrsnssssans (17)

C iz rafE0BE CRZOBEEMIIHEMNEBOBIEL T2 L, BERICHT C(G i
BICL vekoin ¢ LTRERE n 2Rk»33d0iH#s. ADRISHT kCI=K L+5.

AERLILEAROBE C OBOEERYEY K C oBoREREE K LT3 Lk0
BRI T 5B T 5.

K, djl
W:a e e aE L T P T T PP PSRN (18)
, G
WIT A RO EIED &
04
n= ioga/log( CE-' ) o e e S U S S (19)

ELADNIT L b M REATEO RIEAM b) LRobND. ¢ LTRBA n offidk
L.

WBEEL 7 = ABE L O RMEOE, 2,51, 2.52, 2.52. 248, 2.67. LI LOFEEEs & 3L 254 +1%
5.

WAWRE 7 » ABRE OITREORE, 142, 1.38, 146, 1.55, 151, 1.62, 1.48. 1.60, 146, ¥ 43, £]
HIIGEL0R 8 2.

vi} REROILSHFHEE oLisk

BURATHIC B TIX RIS 2 ikicdk D W=173.9 cal. K=0.01719 % 2%ffizx D, £a20

_— ] —
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116 (F#) Chig) ATRE s 7 v & FEON T OMIHT

———

KERICEETRES (Q) %kd 3l Table 7, Table 8 (T30 SRR ¢ — B LW
i W~TED. WHBMITIEC X 5 KEROREGEFEF TR THERHL TS
%. SitBsic RESE RUEAOmL.
a) HeEEL 7 v ABR2E ORHEM
' (C.H:0;]) +——0 2C0.+H.,0+60.15 Kcal
[C.H:Q; - ’H:O}i—aq (Cs1:0)aq —8.49 Kcal
3CO0:4+2q=2(C0O-)aq +5.88x2 Keal
H:-0={H.O}liq +10.5 Kcal

(CHAO ) +—2—0s=2(COJaq + (HONig+90.9 Kcal weresveseens a)

90Cr05)———0:=(Cr0)—13 Keal
9CCrO5)+ (H40)=(H:Cr:0:Jaq+5 Keal

(I‘I:CT‘:O:‘)aq=[CT:OBJ+'%'Og+ (H:0)—18 Kcal srerersrronseasens 2)
(1) + (2)
(H.Cr,0,)aq+3(C.H.G,)aq=[Cr.0,J+ 4(H,0)lig+6(CU.)aq +254.7 Kcal++++- (8)
[Cra03)+3(Ca10,) = (Ce04)oCr=4+- 3H:0+4- 28 Kcal «eiverenisaroneac (4)
(DRRG 302 Cr(OH)y & F5REE O NHBES LFH U TRS 28I LT rh A ko Wi
b BRORBERIRNG 6 F~T, A > = = CiOH), & OAMALL O 'hABDT L 8 Keal
PO L O BTOK S DT L RISECE E~ch 3.
s Q=2547 Keal+28 Keal =282,7 Kcal
b) EHEEEL 7 v ARELOTHEH
CCHO2 +—:'§~—0-.= 4C0;+3H:04275.3 Kcal
[CiHeOsJ+1q ={C:HeOs) —3.44 Kcal
4C0,+aq=4(C0:}aq+5.88 x 4 Kcal
3H.0=3(H:0)lig+ 10.5 x3 Kcal

(CsHeOv)ag +—— ~_4(co.;aq+3u.01iq+333 76 Kealorsesresnses (1)

(HeCr:07)aq=[Crs

#ric (2) x5+ (1) x3

5(HeLr:0s)ay +.3(L41 ieOa)aq EELr.OsJ+l‘J{CO~)m|+ 14(H—O)hq +
911.28 Kcal - -e (3

CHOH . CO0 y
o= D(IHOH-(,OO)

(H:0)—18 Kcal  rererrnerammanneen (2)

5Cr:0. 4 15{C4H, re+15H:04+140Kcal  (4)

WRIC S Q (1
0= 911.28+140
‘.——5'
PLloimd LTife s K BB FHYIM & BAIRHT T IR D RO 17 D fili s X BT B ITAED
M D TRITEZ—BE RS,

=210 Kcal
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2 W A E B ERi 5 & B LATIREDO
SRR LA B30 —REE ICRIAT 5 0 2 #~b i
279 2. fTRICHREES Q YROHICITERE I

AfED RIEOBEOM  ZEREY 2T bDICATH
Chiomic add and | 91 | 208-  wHEDIME BRI ICATRERHE RICTBICLD
ar
log[ 5—+K 4T |—t wlidb Wic H~ 621
CERIMRIED =0, MBE (—) L EFMEICAHDLTENDB. LHHREICL D Q 2K
&H7ﬁm%&whiﬁui%5hﬁﬂmﬁ%ﬁ(L#Xbah%??é7 Nam@a%
(% Table 6. O TIHCHABLNTH S

ITeat of reaction Qcal, | Qobs.

Chromic acid and -
nic acid 282
oxalie acid

] &

DI AT TES LRI TH L8 ROMLTHS. EiELE 2 AR EORKECHT
mﬁ%ﬁﬁm&a%u%m%mrﬁt&?—%ﬁﬁm&%#ﬁ%@bn,%o&ﬁgﬂ&&—
RITHEOREEE ke O EERIIEBEMIEC L 3HERE L —K7T 5. W RITHE Q X

l; kl
(T3, & log[—+h 4T =log = - 2.3:)3

CrDEEZNCEREXrSTEARVIBE 2 CRaFrrnslrFELHEnfErntsha.
BEHEE 7 2 afif O ZEOCHEIZEIC Dey 4ic L ) THTE b Lin BBMECHT
LREAREREEXNSRESERS L, CESITEC L 2ERL B —8 L R8BI
T § RO REMRAMEIEEREO RS L & Mikr 3 ERSREY b 250 KA ITHE
T hiErebn2HERL. 2L DALV BONAZHAL R —8L7e IFERELT
AL ETREIC D 2 E E# & 7% Dey and Dhar, Bhattacharya and Dhar 2 L hBb ik
ERE—ET o R, XNREEL 2 v a0 MBIECEMLIC I D TRY Tt KEEREO
BieerL, ERERELHBOVMBECHELCL ) TEDTEADRELrZF, EBEIckToR
BEARB S L7c I n=254, FAFRCETORMAS n=150 7 2% {37, FHEH Q ix
BEEL 2 m ABELOREOCBRAAONIT X VIIELT Q=279 Keal, REEL 7 v 2B LD
OGS Q=208Kcal k3l x{7e. ML THOMITIBILEBATIIIM L B TR 3 —8
ERT.

LU A0 Bass 0 b BT B O REORA CKEACER LB FLEFD
RKETHB.

] B

1) fiRz2WMFREAIe Y 2 -2 - E Mo TEERARERCKRS 7 v BB TR FF
L7z,

2) ey 2—F— ¥ THEEORBECEET 2 B OEERY i R I B T R
3 EEEL e AR (HRECESIIREOBBICHT), @AEL 7o ABRLOEEIRHT
Fe 2 LoD S ({EER AT 3R) X 1T IC ER L e 5 IO A ERIC AT 5 MUBITHE D — Rk Rie. 8
3T

4) ﬂ%ﬁ&mﬁatﬁﬁtinAﬁ&WFED%%#KDTﬁTmﬁbﬁhmORHﬁF
BEL B R L R R, i LT EEIEREEr kT —RER 2 T 430
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5)  SARHTEE LALE ROREIC ) LRIREEICH C OB EL AT L7e.

6) MEMHERBEYRD, ZHEOREOEEEY REAKOITLTU, LTHESHQ
HIBCBA ST & — #4073 ZFED 7e.

AHIHES, AFELITACED, SRBQUHOHSMLL 2 MiEEE MRS L I b 2 WMk
LHBOEHOEPETA AR EA AL WIS FBR b -IRAROFA N LE CBGYRT.
AABIEOFER: M U THERLREOMD L1 b. & s CRMORE %t
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