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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 chromic acid
first by oxalic acid and later by tartaric 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 ecach 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 reactions are consi-
derably rapid, so that they give much difficulty for their continuous measurement,

The author made experiments on the dark and photochemical reactions 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 to reactions in solution. '

dTThis 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 cnabled us to

Our fandamental equation will be written as follows ;

AT e O dx
T+h -4T= W p e (1

where K is the cooling constant, when the Newton Law of cooling is applied. If the reaction
is of the first order type, ’

A8 ekt
dt =kae
Putting this in (1), we have
.d_I __Q_ - -kt
a0t +K-.d4T= W kiae

and, taking the logarithm,

ar , .. . Qki_ 2.303
log [~ +K- 4T | =log Rl

W kit

Then if we plot the values log[%—{;-+1('- AT:] 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 Q'frofn the length” of the ordinate at t=0. Tw this way we can easily
obtain ‘the velocity conslant and -at the same time-the heat of reaction,
If the maximum rise of tlemperature in calorimetric experiments is less than 1°C, the cor-
rection of k; with temperotﬁré is negligible, but, if necessary, the correction is possible.
In the case of the zero order the equation will be as follows :
dx

dt —
When this equation is put in (1).(%-+K-.AT) should be constant at any time, Therefore,
the heat of reaction Q will be gained from the equation :
t
SdT+KS 4T- d¢=&8‘dx.
(]

A\
0 °

The results of the experiments obtained by thermal analysis coincide as a whole with 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 réaction is impossible by any ordinary chemical methods and
the velocity constant of the later stage obtained’ by thermal analysis agrees well with that of
chemical analysis. In other words, thermal analysis shows quitc distinctly the change in the
earlier slage of the reaction which has' not been-observed by ordinary methods, ‘This mecha-
nism . of the redaction is so complex and the reactions of what arc 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 it proceeds in
two stages. In the 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 cxposure
to light, only showing somewhat higher values of the velocity constants.

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

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

The Laboratory of Physical Chemistry,
Kyoto Tmperial University, Nippon,
July, 1934.
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1) N. R. Dhar, J, Chem. Soc, 111, 707(1817) 123, 1856(1923)

2) A. N Dey and N. R. Dhar, Z. Elektrochem, 32, 586(1926)
3) A. K. Bhattacharya.and N, R. Dhar, Z. anorg. Chem., 176, 377(1928)

4 g, Wl AgE 1, B 145 (1927),

»on w4 o1 (1930).
Wy, g% - 6, 16 (1932)
W W o e, o 47 (1952).
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" EEIMIERL INNT KRR D 3. BREAERIT IR RLL 2 = A8 & R L THRIEY S
SHMITERELRRETH S 7 v 2BORITEE L 2IREX F 468 Y — ¥ 0 1/20 N JHCh
ELTEDR.

b) 4k B X &

HALBREOBROEERMEH EKIROML TH B Fu Y 2~ F ~ RINREIERRED
BEL2(A—RFE2PICZEREL, FCADIMBHNCE 5MMUTE L 1F ) LoBg ¢
FERED LD Lie. REELTEZY BN XAS v ¥ 25 VBIREAG, BRE 7»
AfEE O REOBRICIZI000V 7 +OBRY . LHAEEE 7 » 2fL O REOBHAICIZIS007 >
PO BOEERL 7. HBCEMHT R RACRRIICERT 3108 b HICBE O B BEL,
£ 230HED A MEE BIE OB L ANBES L I LEGORBIER 2 D T
BEBY 7o/ WL TREARIMEREDCEA & MAAR, RBEOHRKEENL, =)
2 — ¥ — NIROBESLEEORIE L SERIC—KT 2 ¥ 0TI G L, KiICHHER
AL, HoBEH»LENMCEED LR FHFAKL.

' E B % B
(D) #HEE (K) BokER (W)

AKhwy 25— MOTEERT3ICE Y, ES20%BR2BOMMRERKEELRDS
YET 5. HHKERO RIEICR TIZZ SO MITMKDHE & 2 A 2 B HSOH
BIEATHEADEECHTERBAINIETHD. KT Hn Y £~ ¥ ~iT 150 HOKE Fie
L, @R TinBuhiy, Rathibit R L.

W ¢ LOKREEEICHEMES T RO 74U Table 1. iR Nicinz 0T 3.

Table 1..
Water 150.0 ¢.c., Resistance of Pt wire 0.809 ohm.
Room ToC i q w ) K
temperature: | oy . . : Water .equivalenty [¢Const.of cooling
No. oefxp ](J°C) Temp. of bath)|  (amp) | (¢al/min) ( (mean) ) (velucity. (mean))
1 21 2540.0005 0.70 5.684 174.1 0.01720
2. 18 25 . 0.80 7.425 173.8 0.01716
3 22 30 0.80 7.425 173.8 0.01722
4 35 o 0.80 7.425 174.0 0.01719
Meag oreseeeseenes 172.9 cal 0.01719

, I EBERERBED
(1) #1847 & B

Huy 2y = CHEREE 70 aBR SUTIHARE 7 = 2B E O—ERR T @HOO BRI
BiCR TR, KEREROEE &2 AEAEHIC ) € RIEC X 3EED L7
T T IRMEEIE | Filhi e, —Sof i Fig. 1. % Fig, 1L icRahzmng o
THD. MHEEHEMERIC X 2 BIUIE LB 505 LR (B aHotiiaily 858
k2B L fhikic 200, 25°, 30°, 35° LW LB 31z OEERLITormo RS oM K
ot Fig. L Rk Fig. 1L o 31, 2, 3, TR ARDHLRT.
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0 2 ¥ I s 76 7z 78 7% 20
No. Conc. of chromic acid Conc. of oxalic acid
1 O.QL’ N 0.4 N
9 0,02 N 0.3 N
3 0.01 N 0.3 N
ig. IT,
obk Fig. |
ok 35 .35

olr
, > l/ (min)
1 [ L 1 [
R TRy Sy 7 Ay ST
No. Conc. of chromic acid [ Conc. of tartaric acid
1 0.02 N 0.8 N
2 0.02 N 0.6 N
3 0.0l N 0.7 N
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Bt 7 = AR ORIEOPA k=pivrts o —KERICHRD, WARE 7= 2
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Chromic acid 002 N, oxalic acid 0.4 N, T.=20°+0.0005.
cc of Na,S,0,

Vreemsrassannentainns0.1310
reasennnennnns0.1280

Chromic acid 0.02 N, oxalic acid 0.3 N, T,=20°+0.0005.

Time (min.) cc of Na,8,04 k,
Ocerevrnrsionaseins eeeuierssnrinease 30.10
............... 25.
3 800y e 0.0685
Boorenrerranrastrineencarennarnanssns 20400 - 0.0689
Dueninsrrenanernsansassarsinnmnnnsans 15.59) o ’
e 15 43) .............................. 0.0692
) I JR PR 11_35) """""""""""""""" 0.0688
0.0688 «..n-.e. mean

Chromic acid 0.0203 N, tartaric. acid 0.8 N; T.=30"1:0.0005.

Time (min.) cc of Nag8.0,4 k,
Oeerenrernnsectonsnnennesrnsensasanne 30.13
Drcenrrvnineiesteeraesasserasinn S 93,70 sernercomeserearrnssrsrnsreens 0.10670
Bertercrernioarones seeseesireasesnne D075 seevereressareiveeannorostones 0.10377
Bovrnnrenreneene conerenns viveeeeeen 17.60 evorer cevneoversriennees se-e 0,10396

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

Time (min.) cc of Na 5.0, k,

Drerrarrenenroeionsasanssnsoaesnnrans 30.13

Deererearencencerensens soaseinnsnnas D4.07 ccrrenrerearencrarans-ercosass 0.08562

Besrerracrerassassorenrsseqesocaesons DI S, .. 0.08739

1970 sos 20400.0.08654

vene 174D ceiveeiiirireninrieianitone ol 0.08390

N reriinaeions 1517 veneen Ceeseveasienibess e ne ;08275

0.08524:---e--0 mean

LS HREIC L DR 2 D BEICETRD e 2 HER M ki X k Ol ¥FRRTHE Table
2. OfnlL.

—_— % —
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Table 2,
Velacity constants in the dark reaction obtained by chemical method.
Conc. of N R o . Conc. of .
Lo o | e | Cone ot | veloig | tomp of | 'Gnlt | Coneoff Voot
20+0.0005 | 0.02 N 0.4 N 0.1308 30:+0.0005 0.02 N 0.8 N 0.10200
" 0.02 0.3 » 0.0688 0.02 0.7 0.08524
” 0.01 0.3 0.0693 " 0.01 0.8 0.10366
. 25-:0,0005 | 0.02 0.3 0.1010 » 0.01 0.6 0.06783
n 0.01 0.3 0.1025 3564-0.0005 | 0.02 0.8 0.14177
" 0.0137 1/3 0.1290 0.02 0.7 0.11315
30£0.0005 | 0.0t 0.3 0.1577 " 0.02 0.6 0.08783
" 0.0137 8/30 0.1095 ” 0.01 0.6 0.09047
" 0.0137 /3 0.1921

BLRT.

(ITI)  R{LPRBREREEL
TR Mg LA o MBS RO Z ZodlEore Tig. 111, & Fig. IV. oL, [icphT
To (XINIBMBOEE R L, dhET], 2, 3, LR ZIIROFEL T, HREIIENREDS

Fig, 117

No. conc, of Chromic acid. Conc. of oxalic acid.
1 0.02 N 04 N
2 0.02 N 0.3 N
3 0.01 N 0.1 N
—_— 237 —
— . e —
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Fig, IV
a; - To= 25, c )
Al /500 wall . |
a’(.“ - g0 ueth, /3.5'am'{o “» é,,
Filln... L85G actu ol ol
asf id <id
/’ ‘D/"
o021 & s o -~
/4 ~ -~ b' - -
o .
£ m)([ 7’“ )
] 1 L 3 ' (n 3 1 N
0 g # é F /o V24 Iz /78 /5
No. Conc. of chromic acid. Conc. of tartaric acid
1 0.0199 N ’ 0.8 N
2 0,0202 N 0.6 N
3 0.0102 N 0.7 N \

# BRI OB W %

1L BLR HED BT R TITILD RN
dT  dT7 Q dx
I W e ...7 ................................................ 1)
TR TR & %Flﬂf-ﬁ@zmﬁv)ﬁ{k )Emﬂi L. ZAUCHED REEHIC A2 SR

& Jeim & Dl & 3 (S )&zxm@szsa: AU RIEFOKE R (W) 2 EL, B
ICERITIRT A & e C IRMES, (Q) wxw:&( q ) EMBDCH 3. ﬂt@f{ﬁﬁalt}j'\*cxi;l
R L THEHOBIEEM 1 21T & ) MEIRIEITRE B 2 RO TBAEOM (K=0.01719) ¥ H]
MR RO ITHEBRIC & B IBE LSO AR RS BE Ok 1T _ESHEIE 05° fE ol ic ATz 6
i kewke=3 £ 3MTEBETRT LBIEE < * OfIZ 001 ¥ 82 2FE2IC L ) 2L EET
SZEAHAES.

© % _er‘wﬁ li———]\m,—kt ............................................................... ‘."""“"”"., ..... (I)
Bo Y 2—F~OPAIEE t LIBIE T 2BMET 6;‘5 v ABE 4 R G, 200K T, T,
I k) B ke 2EAS L. REMEIROMS Fi

1 .
[‘(T’:’_] =k‘:|e—hl-l ........................................................................ (2)
dxa _
d!,, ]Tn—k.‘y,e Kaln  os cersusens sescarnrerstectonsucssrsarssrsersnssnesronseresactssonvonce )
HOWEAIRT k) & k L OMEKOBBRIRITIETHS
K (I HE) wrrersrmsnnsaesasriotasnstorsiusanmiussssasstastasenssassansssansnrsarsnatorsnnerans )

(2), (%) (4), :&f) 6*
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() —REEDEAEDHE
FHRIE(R), A R(W), %4 ) TREEB(Q) RikEiRH(k) ¥ Ro 2k
(1) ko in il HiostiAe 3.

L O R O S ceenversersnnssannenen
K AT=— 1)

K 3o EMEg, 4T 1 REER & B & 0B B LT 3. A—KRMO B HOXOEHITRT
ML TR, —ARMEOHEICIT

dx

T:k,(a—x) ........ vessessassrerasnanasnsvene coesacncsnasesnsncne seseesense (2)
fﬁén&.cxmf.d—%ﬁﬁ@%&ﬁﬁﬂé%- .
@)X ki=hhr—g g cesomstesenessernieee tosssnens cvereensssansrrsrssersansans 16

-k,t/2 303
6w I1) (a—x)=2ax10 Ll 2303 .ereeeeereneeeearesnsnnes ceersruerissnnnane ereee(4)
—k.t/o
. ?’—x=k‘ax10 2303 ceosrerannsesasenesnssnsans veressnenssesns (5)
t

dx dx, 1 k'{(l-‘-:—)te_t'} ................................................ 5

¥ 73?/1ﬁ;=(1+g'e e )
x,

#iz ln%l-—ln-(ax?:-=ln l-ll-e T T Tt (6)

1T Q d> -
2~ K ¢ AT o ¢ s s )
. ary . Q 1
AT '—d—t—+|\-ATEf(l) WS LiElE

-q=m [{£) oervrerorenrnsranenesrrianreniiristenasannnorestsiasaenssnntansorsossssssssisiancees (8)

CogdT, ar,
(6)L (B)br, ¥ym2.303 Iog(—ar+k-r.&'l )- log( LIS AT.,)+log(1+a) ‘| .............. (9)
. 1+ )te—t

g & EE L OBIfRIE Avrhenius OFA L

k=Ze E/nr
Bz Ty T OB E~3 (T, & T: RROFEBHERETT)

dink, E  dink, )

= R AT = RT
gt ok, = R'I s 2LV T L LT IIT DIPTSR 10)

Ink2=—l—{_7l{§—+(j! .............................................................................. 1)

w=Cp R T,=T,=2T & I°HAIZROY ———»%‘«t,nx R.I,. =a LIB{BE arATLL I3
385ir In(l4a e AT)=a2 « 3T~ G °2AT)° + (“ ~3AT)‘ - -4.\1‘)! ------- 7238k In(I+a . AT)=a. AT
ERCTORBIIEMIMAS-

(10)L Ak bROHRTES.

k E(T,— . . EeaT A " .
ln‘ﬁ' =_—K-'l"T+(("_C’)W=a' AT——‘T-I!I \l-[-a . _\'l) ......... (]2)
o ‘;)(12)§cil‘t) k2=kl(]+“’ AT) coerecemntmminiiniumanrteacnioesineoesaiaanitaiisssaierrasasitacseces (13
iMoo R 3 L S Y T S P T S NP ST T TR ad) ra3nz

ok =2_303[ tog(K « aT +£) log(K « AT, 42 f{r )+log(1+aea) | 150
(142« ATH—t,
B0 5 (15)3002 & b ROMEHE &, D2 KD s b BEIZRT AT & 0.1°BUR I €13 Kearo/ky=3
BAMRMAITATENEIC00l 23R A 2SI L ) LESOB D OB L5 & 2 KERIEoRbiL i
BMUTORCTIHLTATTH S,

9 (1935)



MELZDES Vol. 9 (1935)

104 (K8) (h) AR 13 7 » » BOETCOMBH

[
GIXEMACATZLOXEBS.

dT | .- _Q . —ktf2303_ Q dx

T+h « JT= W kiax10 i e Tt 6)
GYRXOHE LD & (DREH 3.

Iog{%-!-K ‘ JT}=]0gQ\l\‘:_“__ 21‘3:(‘)3 .............................. I

WITH T EhEEEic DL DEON 312 X b B R ¢t CBILIRERT 22+ Fig. V.
ICRAN2MEEHMBREAONIFECTHS. WHOMS L ) ki, t=0 X ZH:80 bEtEO RN
fig. v D log-2 5 i 5 d5 A log-et (C K
+ HEW), t50BE (a) RENNHLKRB LNk D
ERAT 2 & FEH (Q) ¥ R 3HnHH . I
¢ LTHIEN (k) RIS (Q) oflik RbFITK
L350 HKD. HEERICEEL, Z0oRER—ST
R 2D & X B2 ITTETDRICRT
%%+Kuﬁsm DOEEERD Infl) LIEH 1
LOMBE IV TENNESBR Y AT 5k B2
R, %%k@%ﬁ“lt}j’;"tt:}: In f(t) &t &DBS{L%
¥l & Fig. VIIL ZoR7Tind ZEREER 5348
» 1 Hbs. WBH/EITHTIIADOML UTRESR
Q) ¥ R®DIINEHTS 3.

BB (DRICRAT ~o-=—1m 2932 DRIZADI 5.
_(z_ﬁ'r_q- K. 4T .—_-ml_ . (:1’; eeeienernsssnseruartosseinesunnarasonasans 3)
t=t T=T 1 X=X )
£z AT . T = X L R T Ty R T Y Ry P R Y R T 9
@xednTse [mar[1] =] ®
t=0 xhit x=0, T="T, (T-T,=dTF =)
e EIEICR T K[4T  dek aT= D (10)

%%mg?rwhuﬁﬁﬁ&hﬁﬁﬁ&ﬁmtémﬂtmmnaﬁﬁkﬁ?maﬁﬁmﬁﬁ
EXIAREC XV TROONS. 2% S &73L (100 Kk
Q=%(K « SEAT) cevcerservectnrncncceconestivnasansosnsasronnescrsion 11)
g1 (11) RicRT W IIKRER. x (&« BRI KBL7c Mol it 3ic k b EES (Q) #
HEMAES.
Q) RREBOBEOEHIE
ERTEOBE AR (12) BRI T 3.

:’: KpR  seeserassessrenessresssesensanenrestoneste i i es sns sas s naan aen a2
@REUST 5L [dx= ke
&IC K=KoAt 4 C seeverccrsccccrcsocsrsaccnsaicce sosraescranaceisosessosscscasansess (13)
t=0, OEORD c=0 Z3ICL VRO UHRNEBLNS.

kn=% .................. eeeerteeseeetbeerestsen etatsastasesenas snresnbates (14)
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B BT B AL RESEHE () 13—k 31 X D IO ESRREANE ) BLRS
(DROABOBIBAHACHNT—ELRZTNETHB. KEH Q ¥R 3ITixnks —E=rH
BiC o REEY 1 KR RS 55, RIMOF BICTEZRBERL M LE S5, Wb ¢
eI 2 REER X Mol LiflJE ER (T—Te=dT) LoRITAOMCE~LN 3.
ga-rJ,KggT . dt=%5dx(15)
0 (LI 0

AT+K « S= \g (Mol) teetsasastesatentsatisnssestanean - (16)

HoBED Sk t R To & bRt OMlicHihh 2B Td VFEREIC L V2 ¥R
Oz,

PENER
(1) #E&HoLBEROREE
Fic 1o K BER I R FEW T E{L B R IED HEDRIE L Rdhiio =, Z o fl¥ Fig. L &

Fig. L i Lz 47 LTl s LRy (DN Tie 3 Z=o T Ry Table
3, Table 4, Table 5 inl . FITHT To ITFIRIEORE, 4TiX v Y 2—F ~HNF & AR

R dT . creras T s e dx ~
EOWER. CIEE, S GEE EREE, K GBI o =K
EEENBTH .

"Table 3. ' {Dark reaction)
Chromic acid 0.0204 N, oxalic acid 0.4 N, T,=20.0°C.
' . ar - ~ Q dx Q dx .
ATT(® L . —_— X,
No AT(°C) t (min) i K. Al W —ar ot~y %

1 0.050 0.69 . 0.07547 0.00085 0.07632 -1.11736

2 0.150 2.12 0.06818 0.00257 0.07075 ~1.15027

3 0.200 2.89 0.08551 0.00343 0.06894 —~1.16153 |k, =0.05501

4 0.250 3.68 0.06190 0.00429 0.06619 —1.17921

5 0.300 4,51 0.05757 0.00515 0.06272 —1.20259 |

6 0.350 5.45 0.05000 0.00601 0.05601 —1.25173

7 0.400 6.52 0.04154 0.00687 0.04841 —1.31506

0.450 7.90 0.03333 0.00773 0.04106 —1.38658 | k,=0.1360

9 0.475 8.70 0-02727 0.00816 0.03543 —1.45063

10 0.500 0.67 0.02272 0.00859 0.03131 —1.504382
11 0.525 10.98 0.01653 0.00901 0.02554 —~1.59278
12 0.540 12.05 _ e —_ —
Table 4., {Dark reaction)
Chromic acid 0.0200 N, oxalic acid 0.3 N, T,=25.0°C.
N . dT . AT Q  dx Q A& ]
No AT(°C) t (mnin} T K+ AT w ' a log—— T k,

1 0.050 0.80 0.06470 0.00085 0.06555 ~1.18343

2 0.100 1.60 0.06285 0.00171 0.06456 —1.19002 1

3 0.150 2.46 0.05862 0.00257 0.06119 —1.21332 rkl’=0.0541

— 2 —
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MIBELZDES Vol.

106 (@) Obf) FHEEC{k3 7 0 LRBEOFTCORBN
4 0.200 | 3.3 0.05526 |  0.00343 0.05869 —~1.23144 J
5 0250 | 4.33 0.05121 0.00429 0.05550 —1.25571
7 0.300 | 5.36 0.04541 0.00515 | 0.04956 —1.30487
6 0.350 | 6.63 0.03636 |  0.00601 0.04237 —~1.37204
8 0.400 | 8.15 0.03061 0.00687 0.03748 —1.43620 | Sk, =0.0976
9 0425 | 9.09 0.02777 | 0.00730 |  0.03507 —1.45506
10 0450 | 10.16 0.02353 0.00773 0.03126 —1.50501
11 0.475 | 11.55 0,01845 | 0.00816 0.02661 —1.57496
Table b, (Light reaction)
Chromic acid 0.0200 N, oxalic acid 0.3 N, T =25.0°C.
. 4T dx Q dx
No AT (°C) t (min) -3 K « AT ' ar 10&:.’\_% o k,
1 0.050 | 0.74 0.05500 | 0.00085 | 0.06585 —1.18144
2 0100 | 1.54 0.06250 |  0.00171 0.06421 —1.19240
3 0.150 | 2.38 0.06034 | 0.00257 | 006291 ~1.20128 |}k, =0.0783
4 0.200 | 3.25 0.05714 0.00343 |  0.06057 —1.21774
5 0.250 | 416 0.05357 0.00429 0.05786 —1.93762
6 0.300 | '5.13 0.04018 | 0.00515 | 0.05433 —1.26496
7 0.350 | 6.25 0.04333 |  0.00601 0.01034 —1.30680
8 0400 | 7.58 0.03520 |  0.00687 0.04216 ~1.37510
9 0425 | 8.35 0.03000 |  0.00730 1.03730 —1.42829 |)ka=0-1116
10 0.450 | 9.97 0.02727 | 0.00773 |  0.03500 —1.45593
11 0475 | 10.25 0.u2285 | 0.00816 | 0.03101 —1.50090
12 0500 | 11.55 0.01774 | 0.00859 | 0.02633 ~1.57955 |
13 0.525 | 13.15 0.01282 0.00901 0.02183 —~1.66005 |
4% 1og[ ST 4K« 4T | —t chiLBIRE 2 —Bix T & Fig. VL X Fig. VIL oL
dt = o

2 RERIC LT £ { 0B AT 205 B HERLIL B R IED B Ehis ST Bt v T R ISR
k, BREES (Q) LR®ZEPEEREGEFRTIUE Table 6 L. HLILOBEA ki Offil
EEEO B 5RO MTS b RES (Q) REH#EIMHEL TROZMTH 206 Q offid
HEROf X VBSAICHT2ETd 5. HoHcBLTIIHRFRTsH T 3.

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 Qk,a .
exp. | bath(in °C) | chromic acid | oxalic acid | 108 W Ky Dark Q keal Ky vighe
1 200.0005 | 0.0204 N 04N —0.932 0.1260 294.8 0.1566
2 » 0.0202 0.3 —-1.226 0.0663 31l.1 0.0775
3 ” 0.0105 - 0.3 —1.498 0.0670 317.1 0.0776
4 25-£0.0005 { 0.0202 0.4 —=0.772 0.2003 203.6 0.2282

9 (1935)



MIBELZDES Vol.

() AR 3 7 v 2 BEDBTTOMMHT L(E®) 107
b 254:0.0005 0.0200 0.3 —1.076 0.0976 301.6 0.1116
6 ’ 0.0105 0.3 —1.335 0.1013 303.3 0.1151
7 " 0.0138 8/30 —1.335 0.0741 314.4 —_—
8 » 0.0136 1/3 —1.130 0.1289 308.7 —_
9 3040.0005 0.0202 0.4 —‘0.575 0.2908 318.9 0.2966
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 8730 —1.210 0.1095 209.5 _
13 0.0137 1/3 —0.972 0.1989 285.0 e
INEAN secsesrrvonracs 303.1

MIORICHOTZO RECZ RS Q LA Lflix Ry & Table 7T oInd it LTHTR

Hrs3—HLRrLTHSD.

Table 7.

Chromic acid and oxalic acid.

Reaction Heat (Q) calculated by the rquation—

L 1
[K SA'I‘ . dt+A'I'=Tx ] of thermal analysis
0

No. | .. |Cene of| Conc. of _a
e.xp. Ty oxa'lxc chrozmc t (min) ATee K.S AT+KS Xmot X 10 Q reat
acid acid
1 |20 0.4 N | 0.0204N 10.0 | 0.506 0.05163 0.55763 346 280
2 |20 03 0.0202 14.0 | 0.430 0.05947 0.43047 204 289
3 1201 03 0.0105 13.0 | 0.213 0.02693 0.23993 151 276
4 [ 25 04 0.0202 8.0 | 0.549 0,04718 0.63718 304 281
5 |25 0.3 0.0200 10.0 | 0.448 0.04373 0.43223 299 286
6 (2503 0.0105 1.0 | 0.254 0.02924 0.28324 177 278
7 | 25| 830 0.0138 12,0 | 0.286 0.03396 0.31996 202 275
8 |25 1/3 0.0136 10.0 | 0.340 0.03544 0.37544 244 267
9 (30] 0.4 0.0202 8.0 | 0.594 0.05299 0.64699 416 270
10 |30 0.3 0.0203 10.0 | 0.525 0.05603 0.58103 364 285
11 [ 30| 0.3 0.0100 10.0 | 0.280 0.03046 0.31046 190 284
12 | 30| 8/30 0.0137 11.0 | 0.324 0.03997 0.36197 225 279
13 130 13 0.0137 8.0 | 0.366 0.03216 0.39816 241 287
T B l::al
—_— 8 —
— Pemm. - I
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B BT M I AL B REOBE TN 2RI S ihigo Z=odicE T Eic Fig. 11, Fig
VIR LM LTADRIC X b RAES (Q) BRITHERERE (ko) TRO7HERD Z=0HF

ORTE) ABEC K 3 7 v ATEDETC OB

MIBELZDES Vol.

R 109

() BEREEE Y0 LBEEOREE

¥R iE Table, 8, Table, 9, Table, 10, Table, 11 ®InL.

Chromic acid and tartaric acid.

Table 8.

Heat of reaction (Q) by thermal analysis.

No | o o | e eid | tavtone saia| t(min) | AT KeS | xmox10-% | Qgeat
1 25 0.0102 0.7 8 0.136 | 0.00974 118 213
2 25 0.0102 0.8 10 0.193 | 0.01794 188 19
3 25 0.0199 0.7 9 0.288 | 0.02359 9272 195
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
6 30 0.0102 0.8 6 0.175 | 0.00941 151 211
7 20 0.0199 0.6 7 0.265 | 0.01548 9223 218
8 30 0.0202 0.7 8 0.370 | 0.02586 230 208
9 20 0.0202 0.8 7 0.385 | 0.02370 340 208
10 35 0.0102 0.5 8 0.156 | 0.01110 140 206
11 35 0.0203 0.6 5 0.275 | 0.01201 242 205
12 35 0.0200 0.7 4 0.270 | 0.00047 242 218
13 35 0.0200 0.8 5 0.397 0.01725 343 210

MEANs«srresersasses 208
‘I"able 9. (Dark reaction)
Chromic acid 0.0199 N, and tartaric acid 0.8 N. T,=25.0°C.
No sTEC) | ¢ (min) :_'t" Ko aT % R - %
1 0.050 1.17 0.04160 0.00085 0.04245
2 0.075 1.75 0.04116 0.00128 0.04244
3 0.100 2,38 0.04085 0.00171 0.04256
4 0.125 92.94 0.04023 0.00214 0.04237
5 0.150 8.57 0.03900 0.00257 0.04157
6 0.175 4.20 0.03861 0.00300 0.04161
7 0,200 4.88 0.03820 0.00343 0.04163 | 3467x 10" 0.06940
8 0.225 5.56 0.03715 0.00386 0.04101
9 0250 6.15 0.03671 0.00429 0.04100

10 0.275 7.00 0.03586 0.00472 0.04058
11 0.300 7.77 0.03381 0.00515 0.03896
12 0.250 9.45
13 0.400 11.48 MEaAN .~ eres 0.04147

—_— 245 —
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MIBELZDES Vol.

1o () OhE) AN 35 2 o 2 BEORTOMEH
"able 10. {Dark reaction)
Chromic. aacid 0.0199 N, tartaric acid 0.7 N, T,=25.0° C.
.t : dT . Q dx dx .
No AT (€) t (min) e K« AT vl - Kk
1 0.050 1.43 0.03503 0.00085 0.03588
2 0.075 2.08 0.03460 0.00128 0.03588
3 0.100 2.86 0.03348 B 0.00171 0.03519
4 0.125 3.55 0.03289 0,00214 0.03503
5 0.150 4.35 0.03233 0,00257 0.03490
6 0.175 5.06 0.03193 0.00300 0.03493 | 2907x 10_S 0.05819
7 0.203 5.91 0.03154 0.00343 0.03497
8 0.225 6.68 0.03075 0.00386 0.02461
9 0.250 7.5H 0.03023 0.00429 0.03452
10 0.275 8.50 0.02948 0.00472 0.03420
11 0.300 9.44 0.02725 0.00515 0.03240
12 0.350 11.45 .
13 0.400 | 13.84 mean.---:: 0.03477
Table 11. (Light reaction)
Chromi¢ acid 0.0199 N. and Tartaric acid 0.8 N, F,=25.0°C.
. e : T . Q  dx dx ,
No AT (°C) t (min) e K. AT W ' Td - k,
1 0.050 1.10 0.04429 0.00085 0.04514
2 0.075 1.62 0.04388 0.00128 0.04516
3 0.100 2.20 0.04344 0.00171 00.4515
4 0.125 2.80 0.04260 0.00214 0.04474
5 0.150 3.35 0.04200 0.00257 0.04457
6 0.175 3.97 0.04157 0.00300 0.04457 | 3710x 10-% 0.07427
7 0.200 4.58 0.04100 0,00343 0.04443
8 0.225 5.20 0.04043 0.00386 0.04429
9 0.250 5.86 0.04000 0.00429 0.04429
10 0.275 6.54 0.03912 | 0.00472 | 0.04384
11 0.300 7.24 0.03678 0.00515 0.04193
12 0.350 8.78
13 0.400 10.5 mean.eeee|  $,04437

— 246 —
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(Pl AWEEICRS 2 v aREDETROBNN (FH) 11

AL 0D R oD T 2 D 3JAIT KA T 2 % S RUREN: 1o S AL SRR RE D PBRIT ik T 1937 % e SRR A
ko ¥ #pf#oR LY Table 12 (i3l
Table 12,

Chromic acid and tartaric acid.

Velocity constants in the dark reaction and the photochemical one by thermal anmalysis,

. , - Conc. of . g

’l\gip‘ff bathy '(g) chromic acid tartaric ax107 | ey x107" Li;lo:t.
1 25£0.0005 [ 0.0199N | 0.8 N 3467 0.06940 3710 007427
2 0.0199 0.7 2007 0.05819 _ —_—
3 0.0202 0.6 2289 0.04532 2481 0.04912
4 " 0.0102 0.8 1787 0.07014 1966 0.07717
5 " 0.0102 0.7 1446 0.05678 1618 0.06351
G . 0.0102 0.6 1226 0.04812 S —_—
7 | 30£0.0005 | 0.0203 0.8 5227 0,10310 5568 0.10980
8 " 0.0203 0.7 4325 0.08534 4555 0,08988
9 b 0.0199 0.6 - © 3403 0.06823 3710 0.07438
10 0.0102 0.8 2670 0.10480 2859 0.11220
11 s 0.0102 0.7 4195 0.08616 —_ —_
12 0.0103 0.6 1720 0.06751 S S
13 | 350.0005 | 0.0201 0.8 6997 0.13930 7283 0.14500
4 ) 0.0201 0.7 5752 0.11450 5047 0.11850
15 , 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 2413 0.09472 —_— —

REBIEROER

i) log[——+K AT —t MoER

a
(a—x),

2) WEEL 7 v ABR: O REOEBMIKIC & BRI —AREEER k=—"In

SRS ki ZRO2IC k OR—FT3r B, BMIFICRTII—ARER 26T

(DRHHLT 3.
ey log[—((iﬂl-‘—+K . d'l']=]oﬂ’ Q\]{,"‘ — 91;(;3 =log% . g—’: .................. eessenens ()
AFHERNO B LN ¢ LORMBRERT 3 & Fig. VIIL © A ol @iy S5 28
5 ) EHERIT N TIIBUNAICTRT BCD o g2 C KiRTHBOMDI Y R, 19?(@!111%
MR R LB REOBE TR T IRER 2 807k, HTEBICHTIIKEY
DR LB LIFRO RS, REOBEOHEROE ﬁm%ﬁﬁmmﬂtu%ﬁha
zf??.ffﬁl‘.u 8O 2N EIRIE LR D Ejés‘ibtfﬁé}lﬂ!ﬁﬂ:u‘a\zﬂ%ﬁ' Rl i D |- K
Jeo MLTUROGIR L D REHE k FROAZTBSGHEIC L VRO k off
amv'iwﬁzmau% CD OBMAITHT—HT 2R L% 5 BC ofMT T It —K
REIT LTHWIREED BE O REF(Q) £k 7B ITKRBITHT—HE R, 14500 Kcal iT
Ll g fize.
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112 (F#) () AR S 7 v 2 BEDETCOBRNT
Fig. VIIL. PBTULOEENLLCERICEZ 22 2
+ ERRiROEITGAR Y B8 T 21T ko Rl

TFEEAIT e TR OB R RIEY 72—
KRIET, PEHE L TEEORITTR
BRoOLoEN, LozfifaMLiav
7w af LR LI, Hofits 2o
BEX 18 % Harcourt and Esson™ @i~ v
F v EEOBRET X BBITLOHTR G 341
M HEABRD b HORITLE OB
BOTHHETSH D, HArROBIKICHE2
AOXLLEH~D S,

fr’u‘L’C (MRIC & ) RIES Q ¥k 3IC

B0, KEOTM L DS T AEMIC
TREINBUn  EEY T B —E
e BHET t=0 2/ 3 log Q&, D
Mﬁﬂ‘(ﬁé{ldﬁb LBNAMLEDRKEN Q £RKd 5$zﬁ HaEs. Lo KD { 2RI
BT L0IA TR BN RIEH Q ¥Rzt C Bic)32BEY RO BHOED
BEfT & RIERHAARER & T RO RES O 3o 3. 35 2 T8RRI AIC X b 3D {LEt
ST L Dm0 BARLOFMREIC AT 3 —00EE D BRI LBk, ENIRE
BT ZEBEHRO CD OB bH ROBRIFHELITHTERLED 3HiTT 3.

b) FHHERE 7 = Al O RED LBEGH KD EEIUT Dey :,,coﬁgc#,%T%z) i ru
AR THFREEA ZESRERORBE R —B L7 BITHICKS 5 dt —t BB
mE Fig. IX, TR MEHRERL, REDH L b KBGO RECRTRSEARER S
FHEm L. BIDEHEUT L CAMTERT. Wi L ORERY (k) 2RO ICEROFRITH
BEEE R —FE A, HHROBMTHRTHSL 7 v aBFOBIERD THT 2 IC O THIXK
Ic—RREOM i BT XHR LA CHET INEZETH S,

il) MBIRREEPINEREOLLR Fig. IX.
BE LTI B A TR 2R RO BAT I IR 345 3K
REALBAWRITIK DA E L HET DI Table 13, I A
amscoc-

FTmE BB TR 38 R
Table 13, {THT To X HEXEE 17

5) A. V. Harcourt and W..Esson Phil. Trans, 156, 193 (1866): Proc. Roy. Soc, 14, 470 (1865)
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(7)) HEBERI{E 2 7 v 2 KEDBTCOBIRNT

Table 13,

(F#) 113

The comparisson of velocity constants by thermal analysis with those by chemical

analysis in the dark reaction.

Conc. of | ~ - of k. g Cone. of | Cone. of ko )

o | ehrome. | i |(Chemicl) Thermaly | Ty | chromic | ararc | Chenieal (Therinal)
20 ] 0.0200N | 0.4 N 0.1308 0.1360 30 | 0.02N 0.8 N | 0.10200 0,10310
20 | 0.0200 0.3 0.0688 0.0663 30| 0.02 0.7 0.08524 0.08534
20 | 0.0100 0.3 0.0693 0.0680 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 35| 0.02 0.8 ! 0.14177 0.13930
251 0.0137 1/3 0.1290 0.1289 35 0.02 0.7 3 0.11315 0.11450
30| 0.0100 0.3 0.1577 0.1450 35| 0.02 0.6 | 0.08783 0.09008
30 { 0.0137 830 0.1095 0.1095 35 0.01 0.6 | 0.09047 0.09472
30 1 0.0137 /3 0.1921 0.1989 I‘

B BB R MEAE (TSR BUR HED I8 B 1T B M B B HelBi 3% & Table 14, g3l s

iii) & © &£ @

T & b TZEORE R bR LB RICRT.

Table 14.

The Influence of Light
Light source: 100V—1000W Tungsten-filament lamp, supplied with 9.5 amp. from a 110 V

battery, through a light filter——30cm of water in length and CuSO, solution.

Conc of Cone. of k, ] k, kpsi/kDp Temp. ofo

chromic acid oxalic acid Dark Light bath in C
0.02 N 04 N 0.1360 0.1568 1.15 20°
0.02 0.3 0.0663 0,0775 1.16 20
0.01 0.3 0.0670 0.0776 1.15 20
0.02 0.4 0.2003 0.2282 1.13 25
0.02 0.3 0.0976 0.1116 1.14 25
0.01 0.3 0.1013 0.1151 1.13 25
0.02 0.4 0.2908 0.2966 1.02 30
0.02 0.3 0.1416 0.1614 1.03 30
0.01 0.3 0.1450 0.1638 , 1.02 30

— 240 —
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MIBELZDES Vol.

1 (EH) CPTE) iR {3 7 v 2 DB TLOBARN
Light source: 100V—1500W Tungsten-filament lamp, supp’ied with 13.5 amp. from a 110V
battery, through a light filter——30cm of water in length and Cu Seo, solution,

Conc, of Conc. of k, Lk, kperjk Temp. of
chromic acid tataric acid Dark Light D+L/%D 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
0.02 0.8 0.10310 0.10980 1.064 30
0.02 0.7 0.08534 0.08988 1.053 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 35
0.02 0.7 0.11450 0.11850 1.034 35
0.02 0.6 0.09008 0.09369 1.040 35
0.01 0.7 0.11720 0.12270 1.046 35
iv) 3B E F &

RIERE keok: ToRDADFERIL Table 15. Oml. D [IFIUTHE, (D+L) 3hE8
REOBE LT .
Table 15.
Temperature Coefficient. kpqqufky
~ . A0 1. 2 9501 o
No %g::m?: Conc. of ¥, 30°/k,20 Conc. of Cone. of ko3 /kg25
acid oxalic acid D D+L chromic acid | tartaric acid b Dol
1 0.02 N 0.4 N 2.13 1.90 0.02 N 0.8 2.00 1.9
2 0.02 0.3 2.13 2,08 0.02 0.7 1.97 —_
3 0.02 0.3 2.16 2.11 0.02 0.6 1.98 1.90
4 0.01 0.7 2.06 1.93
5 0.01 0.6 1.92 1.96

v) S nLE: RAERBREOCEMLEKERE
a) 7w ARRBEOTHE L EERE
7 v ABEORIBEOSLH TIESIE T ITITREY BT X BMITHRCHK ) 8722, Zo0f6)
ICELTHBET B LKL,

1} With 0.3 N oxalic acid 2) With 0.7 N tartaric acid

Conc. of chromic acid, | 0.02N 0.01N Conc. of chromi¢ acid. | 0.02N 0.01N

0.0663——0.0670
0.0976——0.1013
0:1416——0.1450

k(25°)
k(30°)
k(35°)

0.03819——0.05678

++<| 0.08534——0.08616

0.11450——0.11720

— 250 —
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(hT8) AHEE (k3 7 0 A BEDETCOBABHT (F4R) 115

BB k& ko (37w A BOVBESSLIC X D THDTEHNREL, 7 v ABOBEI/
CHBH ki R k OITEHRCEZERS. BLANLER2—OOERICHTIIREL 7
o ABEL O REQCHAIIRENHINTN T, AL 7 v 2B E O RECEA I RIEOTI L
D e BB IR — T B L R,

b) AHBEOMBEORL & RIERIE

7 = AFEOWBE ¥ —EC LTERROBE Y 1L 2 B & 1k0mL.

With 0.20 N chromic acid With 0.0137_ N chromic acid
Conc. of oxalic acid 0.4N 0.3N Conc. of oxalic acid 1/3N 8.20N
k,(20°) 0.1360  0.0663 k,(25°) 0.1289  0.0741
. S0 % -
ki(25°) 0.2003  0.0976 £,(30°) 0.1989  0.1095
1,(30°) 0.2008  0.1416
With 0.02 N chromic acid With 0.01 N chromic acid
Cone. of | ggx 0.7N 0.6N Conc. of tataric acid | 08N  0.7N

tartaric acid

k,(30°) 0.10310  0.08534  0.06823 ky(25°) 0.07014  0.05678
ko(35°) 0.13930  0.11450  0.09008 :
14(25°) 0:06940  0.03819  0.04532

ko(§30°) 0,10480 0.08616

Brb L OBk BB ICHEEERIATIROMBIEOS ki & k OMICIFHITHETIER

%, —RicH koing REOBE&RRNITIE~LNS. A
_%= (k@)CT:KC}" .................................................. (17

Ciidrzn aBEDBE CRZOBEEMRIUITEABOBEL TS L, ERICNT C>C R
ZiIct VROME LTRERE n FROZFAHAS. (IDRICHT kCI=K ¥ 3.

AHRALHERROBE C OROREEYY K C oBOREREY K’ &2 L%k0
BRI T 2B TH 3.

K, C‘Izll
T.,7=a= n -.-.......u....-.u...u.............-.uuu-....-u.-.u-(18)
G
T A RNOEHEBES &
Cs
n=loga/]0g(?:,) e errana s s et acerantossesttntatetacmarrererteretaacnrar (19)

BNL (AN RKIT & b M M AEAEED A (0) LRdbN3. Wi LTRDA n offidk
oL,

HBlEE: 7 = AF E DRMEDORE, 2.51, 2.52, 252, 248, 2.67. LI LOEEfly &5 & 254 %15
3.

WAL 7 v ABEE OREORE, 142, 1.38, 146, 1.55, 1.51, 1.62, 1.48, 1.60, 1.46, %48, £1
BI04 .

vi) RESAOILBMWEEEL o
BEHTHIC R TIINIEE B Hsic ik D W=173.9 cal, K=0.01719 7 ZWefli% D, £ao

—_— B —
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e (KR Chirg) FRkIck 3 7 v 2 EOR T OB

EECELTRIES (Q) %R®7csiT Table 7, Table 8 T7T i< &R  —B L2
HixWATES. BHBMHTEC X 3 RIBBOREILSMEFI MR L HTHERYLTE
3. ﬁlt@&ﬁ&tﬁlﬁﬁstc*nnﬂmomb

(C.H:0,] +TO==2COQ+ H.0+60.15 Kcal
CCsH:0s - 2H:0)+2q=(C:H:0Jaq —849 Keal
2C0:+aq=2(COs)aq +5.88x2 Kcal
H:0=(H.O)liq +10.5 Kcal

(CsHA0u)aq +—5—0s=2(C0Jaq + (H:ONig+90.9 Kl werversren 0

20N} ——o—0:=(Cr:0:)— 13 Keal
2(Cr0s)+(HA0)=(H:Cr:O:aqg+5 Keal

(HeCr:0s)aq= ((,r-033+ Oa+ (H.0)—18 Kcal «seerereescasens 2)

D+
{H.Cr,0;)aq+3(C.H,G,)aq=[Cr.0;)+4({H,O)lig+ 6(CO.)aq +254.7 Kcalsss e (3)
LCrs05343(CalT:04) = (Ce04)2Cra+ 3H:0+ 28 Kcal coseerascecrsonen @

RERG 3Mfz Cr(OH), & HifEE OhABMVED 5T L TRD 1fi1 brmm%ﬂerﬁmﬁm E
b RO R BMINE & BT, kMt 7 & = Cr(OH), & {LOAMNE L DD T 8 Keal
P20 DM BT ORI 2T HiTFEE B~ S, '

. Q=254.7 Kcal+28 Kcal=982.7 Kcal
b) %HﬁafﬂA&&muma
LCHOI +—— O =4C0.43H:0+275.3 Kcal
[L4HsOa]+aq {CiHOs)—3.44 Kcal
4C0,4+aq=4(COs)aq+5.88 x4 Kcal
3H.0=3(H.0)lig+10.5 x 3 Kcal

(CsH¢Os)ag +—2——'O: =4(CO»)aq+ 3HOlig +333.76 Kcalereososssen. 68

(HeCr:Oz)aq=[Cra0x]+ —.'?)'—Oz-l- (H20)—18 Kcal  sesreersrcnsaenes(2)
#ic (2) x5+ (1) x3
5(HoCr07)aq+ 3(CyF- 1s0sJaq= 5[(41'2033"' 12(C0°)a(-] + 14(H.0)lig+

G11.98 KCAl seesrvssesserernmrans cosmmmnsssesasansesensessessrsnnsnansasons 3)
CHOH . C00
50Cr:053+15(CsH0,) =5( | )Cr+15H0+140Keal  (4)
CHOH - COO , ‘
AT EE Q (1
0= 911.285+140 —910 Keal

LLEoin LT 5 IR MO 3340 & BT ERIT IR D SR D17 Bfili & & HE T B itk
MM TRFE 3—8E 5. ‘

19
<n
(2]
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b)) HEENK S 2 0 2BEOFETTOMEH () 117

2 6 A B TERlER: 5 & B L AR DT
PR L35 9 — R IR B b0 LB
Chromic acid and | g5 | 279 2. i TRICHORESH Q ¥ RO B ICIIEEE 77

AEEO REDHAOI ¢ “EREL 7T S DITRTI
Chuomic ad and | 910 | 208 REEDAINNE HIE TR RICT BIC LD
tog] ALK+ 4T]—1 oz iic H~b B
CHIIRIED ¥=0, RIS a—) ERSMERCMD LTSS S, EIIHRRCE D Q@ XK

IIeat of reaction Qeal, | Qobs.

DRDHMBE 2 TR MANEEORIES Q BRHENZETH 2. NHITQ 0fff
13 Table 6. O/ TFHICH~LNTH 5. )
2 35

LI BERIC R THEE L el P 328 T 3 L0 CTH B, BiEL 7= 2L OREITHT
TBMRATIEIC R BRI ICERRIE X T — AR 2 2 EBRE LN, TORYICRT 32—
REMEOEREHE ke OFEERIAMTRIC L 2HRE L -8 3. k BEER Q (X

- dT .- 7. Qi kit
MR G log G+ + 4T | =log g™~ 35

X VEEINTEBREYETHSRTIRK 2 CRZMFEMANEESETOMHEsELND.
BAKE 77 sREDOREDHEITEIT Dey SHC X ) THIRE BN Lin { BRPTRICH T
LHRRERERNBESEB LA, LBSTRIC: 2B R —B L. BILBRETR
T YRR IED KRR IS R R EOHA & & { Mk 3 HRRREE b L2 %50 RIESMHIC K
XV ISEYORA3HERL, £L{DARLVEONZHAERL —# L7 BRRENRIC
HALBEIEITHT BB E &3 9F Dey and Dhar, Bhattacharya and Dhar 2z & b b7
BB —HTaE R, ARREEL 2 v ABOMBECSLITL ) TRO THiLZ REZED
B R L, BEREGEOTMBESRILICL ) THYL TS ROMEL T, BRICHETOR
BEABEHEL23IC n=254, HLBHITHTO RS n=1.50 7 3flix 7. KHEH O 1%
HiEL 7 m ARELORBEOBRAEAONIT L YFHELT Q=279 Keal, HALALE 7 = AL DR
HEofa Q=208Kcal kafi%ife. ML TItolixBeE8asi il Mo TRIfE s —%
TR

L DU ERERAS I b BT EE S IHRO KO B R ESITHB LBO N2 HrEF2
RETHSD.

] =

1) MiRAE2WFRIe Y 2-7 -~ L MO THBERIBRECKRS 7 v AFROET LY BT
7.

2) Awr Y 2— &% TiEEAO RBICGERET 3 38 0 EB R BT HEIc TR .

3) HEEE v Al (EREOBEIIEBORBITINT), EAEL 7= A5 ORIEICEET
R 2 fERRD ik (LB ED) T TICEER L e 2 ICHI RTINS 2 R EHEO—~#E Re. &
AT

4) BURHTECHRD L BREL 7 v A E O RIEOBEHEROFETIIED BRI DT AR
L ZYIREL ORI HICERDI . TiLTHRIBIEAREE B+ —ARER 2 T L1

— 253 —



MELZDES Vol. 9 (1935)

us (s ChEE) HBREIZ4k 5 2 o L BEOESTOMNRH

LB BN . )

5) ST T CALER R LRIRIEIC R TR iC L.

6) MEHHRREHALRD, ZHEOFEORERYE REAMORELTO, LXEHRQ
BBALBUOF M & — 8T B LD 7e.

BOES, RFFELTACK b, ARG ALOMSLL 5 Wi E L B2 b 1 5 Bk
CHROBHOBEYRT A LRBCHAAEL ANS LB I T IWEZOBLCHUE BIErRT.
ARTEOHER B U THREFLROMM LT b 2> CBHOBE RS-

R4 A
B ESHEARRERRREYRLITEE

—_— 954 —





