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Thermal Analysis of the Catalytic Actions of Colloids (I) kY

Catalytic Decomposition of Hydrogen Peroxide
by Colloidal Platinum

Ry
Eiji Suito,

Abstract

Since Bredig and his co-workers studied in detail the catalytic decomposition of hydrogen
peroxide by colloidal metal, numerous 1csearches have been made. But all the measurements
of them have been done by means of chemical analysis, such as ttration and the measurement
of evolving oxygen, which might be inadequate jor the examination of the initial part of the
reaction. Therefore, using the thermo-analytical method which originated with Trof. S. Horiba,
the author investigated the said reaction to elucidate its mechanism.

In a glass calorimeter (a Dewar vessel as Fig, 1.) dipped in a thermostat (3040.005°C.)
the platinum sol soce, (5~15 X 1078 gm. atom) prepared by Bredig’s method is quickly mixed
with the hydrogen peroxide solution socc. (ca p.003 gin. mol). Soon after this, the change of
temperature in the reaction system was observed by means of Beckmann’s t.hermometer The
t— AT curve was obtained from this observation, and hence the reaction velocity -ﬂ-— and the
reaction heat () were calculaled from formula (:} Further, the velocity constant of the first
arder reaction k, was gained from the t—log \i’] di relation. The experiments werc carried
out over 2 considerable range of the amounts of the colloid and hydrogen pemurle, and the
results obtained by this analysis are shown below,

The reaction procecded consecutively in two siages—earlier and later.

1) The Earlier Stage (ab in Fig. 3). The reaction type in this stage could not be
determined, but it was found that the mean reaction velocity was generally proportional (o the
second power of the amount of the colloid and to the first power of the amount of hydrogen
peroxide. The duration of this stage (1 min.—4 min.) was séldom aflected by the amount of
hydrogen peroxide, while the larger the amount of the colloid, the shorter it became. It
should be added that this stage was found for the first time by means of thermal analysis.

z) The Later Stage (cde in Fig. 3). This stage, which was the main part of the reaction,
was exactly of the first order reaction, and ils velocity constant was proportional o the second
power of the amount of the colloid.

The heat of the decompasition of hydrogen peroxide was 23,0 +0.5 Keal. as mean value.
Movreover, it is interesting o mention that the colloid increases its activity when leflt alone.

The Laboratory of Physical Chemistry,

Kyoto imperial University, Nippon.
Septemnber, 1936,
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Table V* (a) Growp [ ®
t | AT [K(AT—) "(‘i_'{ %%’:_ gog_%.d?’; t AT [K(AT— _‘3_'. %_% hg‘%%’;
0 +0.0800]4+0.0886) F.947] 8.0 | -+-0.439] +0.0058) -+0.0210 0.0268! 2 . 498
0.5 9200 92 964 9.0 46 62 180 242 384
1.0 9200 928 g68| 10.0 48 64 140 204 310
1.5 500 914 961 11.0 4 ﬁul 030 146 164
2,0 830 850 9020 120 67 go| 127 104
2.5 7 775 asn} 18.0 i 20, 087 5.930
3.0 6800 11 852{ 14.0 501 67 0 67 8%
2. 6| 665  823| 150 500 76l ~0.0016 5110 708
40 570 609 785] 16.0 468] it 25 38 580
15 400 53l 77| 170 195 66! 10 2
5.0 430/ 476 GTR 18.0 | 40 (18] 50 15
8.0 sso, 382 82| 20.0 4:;1 04 O
7.0 2500 305 484 k,=0.2190

_ Table V. (b) Gronp | @
t| a1 [k AU QA Q48 ) ar ke ST | 242 ],,Q 0
0 | —0.001] —0.0002 +0.0269] +-0.0268] 2« 425] 260 | +0.282] +0.0050] 4+0.0026] +0.0070] T« 883
1.0 | 4+0.024 +0.0001 271 9790 434) 270 284 51 22 7 86l
2.0 052 o 271 27.-'.! 435] 28.0 286 A1 18 6ol 838
5.0 083 08 293 .'mll 4790 29.0 288 A] 18 s 807
40 112 19 mgl MT 0.0 280, 51 09 ool 7
5.0 187 16 250 26m 425) 320 200 51 04 w7
6.0 161] 19 240! 250 414f 240 200 51} —0.0001 70
7. 185! o 297 aq0] 08| 26.0 280 51 o a2
B.0 207 g6/ 2100 233 a7al 98.0 187 51 18 519
9.0 ‘zzr{ 2 133’ 216, ag6| 400 | ¢ 50 a1 162
10.0 245 M 1750 20 a0 42.0 a7 50) 2% 208
11.0 i : 163 188{  270| 44.0 ar4 49 27 342
12.0 27§| 380 142 177l 249 460 368 48 28l 301
13.0 200 ot 1?,3[ 165 219 48.0 363 48 23! 9255
14.0 301’ 30 117, 156 193] 50.0 358! 17 22 204
15.0 313! 4l 106: 146 166 53.0 341 49 i 079

* L gmin, AT (=T-"1,) 12 °C &ML+, H=Ro W CRME (T, 011 % (R>TS 3 &, Bl
BTSSR L TLO 32 THL GERLIRE (4 AT) £BAL. [ 1% R 2 il UK

OB L VRDE. k(2 tm]og__‘?_'__..

T MROEBEOMEE L I R L 0TS 3.
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16.0 323 a2 096 138 140} 60.0 525 42 a 09!

17.0 233 43 88 13 119 65.0 108 40 da‘ 6

18.0 312 44 79 122 000| 70.0 202 B! 2 3

19.0 349 45 7l el oG] 75.0 276 36 | 2

20.0 356 47 64 110 0435 600 260 3 30 2

210 202 48 B sl o1 85.0 238 0 20 2

22,0 367 48 50 088 7. 902( 20.0 229 29[ 2 1

23.0 a7 40 44 92 968 100.0 203 2! 25 4

240 276 40 ! 87i 942 110.0 179 22 22 1

5.0 379 A0 20 BOi 907 120.0 160 19 200 ky=0.0502

Table VL Croup [ ®

t AT [K(AT—) _‘i&_ ,\‘3 :_‘]% h,g{%i% t AT [K(AT= %T TQV";% 1%%.‘;_’:
0 | —0.004[—0.0004] +0.0000) +0.04060 2 . 600] 22.0 +n,4-27i 4+ .0057] 40,0015 +0.0072] 7 . 855
1.0 | 400974000020 465 467 67T 240 428 57 05 62l 700
2.0 o83 Y 470 479 68D 26.0 428 57 —0.0002 5 740
2.0 128 B M1l s44] 280 427 5 JE IS | I 1)
4.0 168 21 Mo, 411 617 20.0 422 56 20 20l A58
a0 200 3 0 566 ﬁﬁ:'j S2.0 415 5 .oF 25 398
6.0 937 a0 s00 w0 0| 240 108 5 :;s; 19, 27
7.0 266 9 275 S 400) 85,0 [ 404 a2 10 By
8.0 20 a8 o500 288 —mn‘ 40.0 483 5 41 i

9.0 215 1 210, 236 48] 45.0 36 48 42 6

10,0 2t 44 |s.-;l 920 360 50.0 241 45 .ui 4

1.0 352 46 1ee 206 3M) 50.0 Az 42 3 3

12.0 7] 48 140 188 274 60.0 300 39 2% 3

1.0 479 50 120) 170, -z:;n‘i 65.0, 03} 6 34'i 2

14,0 400 51 103 154 188]| 70.0 265 k2! m 1

15,0 400 A% 083 26 123) 75.0 248 32 a3

wo | oam e 17 o] soo| e o0 'ﬂ |

17.0 412, 51 50 105 o 85.0 | 217 27i 23 |

18.0 417 53 401 095 T .979 90.0 204 26[ % ‘

1.0 421 % 3 8 omil00| 181 2 2 |

20.0 423 36 25 81! sosll | k; =0.0086

t~AT fhitic T—RANE 3B Dik=2 o 4 FEANT BT Oﬂf‘: Ckb, ﬁﬂfricﬁiﬂ

o BD, RAGEIE AL, TRCHET 2BRMATIL

dx
o

“ — =l

kuamnuirﬂﬁmmtbmmﬁﬁﬁm$ML.RM&%&MDM%T&ﬁ##%-
REOFAM (X2 4
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Table VII. Group I @

t AT [K A(T=) _"“l'ir_ _‘%% .,g‘%%&. t AT JK(AT-1) _"‘.;l-_ %g_‘: bg%%
0 0.000) —0.0003] +0.0500{ +-0.0567] 2. 754] 13.0 | +0.408| +0.0054) +0.0100: +-0.0154] 7 . 188
1.0 | 0040 40.0003 570 873 758) 140 417 59 085 1400 146
2.0 100) 11 570 381 764 15.0 425 50 75 131 17
3.0 1.52‘ 18 100 508 706 16.0 43 57 55 049
4.0 193] 24 440 464 666 17.0 435 57 30 096| i} « 982
3.0 240 380 11 G14f 19.0 438 58 20 802
8.0 275 35 320 355! 530] 22.0 440 58 o 763
7.0 39 270 300 190] 25.0 438 58 —o.mzo; 580
8.0 43 R a7 36| 30.0 419 56 40, 204
9.0 46 25, 251 400| 35.0 308 53 40

10.0 49 175 224 350) 40.0 374 49 50

11.0 51 140 191 281§ 45.0 352, 46 16

12.0 223] 50.0 398 44 k,=0.1163
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TE£AoEmDdofc. BICHOH HMliEy Lic
B EDE L otk 5. W T 3ic, 2
v 4 FIGtEEIIR o8 & M BIMIAL,
PIBAMICELECEL T2 boTH 33N
fitote. 1, @AM X b #3In  GRYEIES S
iand YREARZBRACES. X, HIWIEHE
OBEERA R L TR T B Mic B
BIIFEHTR2TCH 5.

Fikoim{ Vide = v 4 FoBERILKEERG MO RIEEEL, AGRIRRRMc Re s nd iE
“HKURLT B O T {, —HEMAEER T ZHUIATIC G. Rocasolano™ ML T% b, #ix%
NE S A RICEiRE 2 BEORB RT3 2 RHLTHS. —F, S Rusanyak™ (I /%
IO T 2 D5HUE & RN & ORE ¥ HOICEERRTA L, AMIEX R S50 % = v 1 FRET
DR E B0 BB EHREHLKREDO MO DESREII TR D, ZITk b AR5 EH
FT2IC 2o 4 FRTERNE o RERA LEEL ST b0 L t Tixh 3. 4, JFRicE
OB L TR MA T 2013 MBI L 227 { FREFOKLTIETHS 5. R LEEER

AEIECSHE I ERr T 2.

18) zoRBEoMEill=2e 1 FINERICPEEWS S ( T2 THABEPoREIIRIULN.
14) G. Rocssolano; Comt. rend,, 170, 1502-1504, 171, 301-303 (1920)
15) S. Rusznyak: Z. phys. Chem., 85, 081-690 (1913)
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SN R HER R T 3 I AR (D@@® DIk tar) oin (o T, HIABICR L. LR
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Table VIlIl. (a) Group [ @
v o1 fkera) S0 | 2 g ¢ | AT kT S| 28 g3
0 0.000| —0.0003] +0.0920' 4-0.0017] 2. 9620 7.0 | +0.950 +0.0000] +0.0185]+0.0245] 3 . 380
0.5 | +0.0400+0.0003 140 143 Too18) 7.5 455{ m| 10|  a2n| s
1.0 098 1| 12000 1210 083 8.0 164 62 130 102 283
1.5 150 18| 1000 1018 008l 8.5 170 s 105 168 225
2,0 1 24 0020 0944 Z2.975] 9.0 474 sal  cosol 14 135
2.5 ;ﬂ - 28 808 830 022| 0.5 AT 6l 50 114 057
3.0 280) 36 720 wsel so| 100 179) 64 gl 104 o017
3.5 15| 41 640 681 833] 11.0 4810 6 20 084f 3. 924
10 e 45 sw sssl 767] 12.0 w6l o 64 506
4.5 370! 49 460 500 707 13.0 457 4] —0.0015 o 6%
5.0 391 52 400 452 655 14.0 431] 64 30 a4 sul
5.5 110} 54 860 414 617 16.0 1 54 60 %]
6.0 427 56 280 g36l  526] 16.0 473
6.5 o8 0| 159 f K, =0.2925
Table VIIL (b) Group ¥ ®
et kT L - U Y i JEVEL, LA P 0 P2
o | +om -u.mu):4+n. 5 +u.nszz.| 2.797| 7.0} +0.266] +0.0034] +0.0090] +0.0124] 3 . 003
0.5 | 0.2 0.0000 L7 826 7.5 il Mt 731 104; 017
1.0 051 | +0.0004 74 sTof 8.0 271 50 a0 085 5 .92
1.5 082 0y £5220 99| 8.5 276} 36 45 800 903
290 113 13 813 8] 9.0 278 2 35 7l 851
2.8 1-1%t 17 547 7881 0.5 279 34 251 61 7
3.0 166 81| 10,0 280 3 10 465 663
3.5 19(:1 ti:-Js| 114 251 80 0 a6l A5G
1.0 208 6641 12,0 280 | —0.0005 a1l 491
4.5 2Zh 5161 13.0 278 36 20 16 2
5.0 2.»! 3981 14.0 2 35| 32 0
5.5 246 6] '15.0 270 35 37
B.0 258 263) 16,0 268 a4 40
8.5 261! 18 k, =0.3321
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Table 1X. Group ¥V @

t AT K (AT-) '(f \_% :IIT Iog%‘;’t‘ t AT [K (aT-2) % _\%_ ‘:;% k,gg, “'j &=
0 | 40,002 —0.0003 +0.0295] +0.0202 Lm&mo+mwwm@MMMMwm§dm
0.5 | +0.010 ol 395 104 5060 22.0 498 60 60 1260 100
1.0 030 4-0.0001 395 S96) H08( 24.0 508 50 118] 072
2.0 o7 07] 410 417] 620] 26.0 514] 25 0943973
3.0 110 13 410 423 626] 28.0 519] 10 7 898
4.0 130] 15 a7 39 593] 21.0 521 0 7 845
5.0 184 23 364 38571 588} 34.0 520 0 —0.0008 6y 785
6.0 220 28 Sz 370 868 36.0 518 17 520 7l6
7.0 22 315 47 340 38.0 515 26 43 God
8.0 a0 205 a8 5200 40.0 509 39 as] 556
10:0 43 237 280 447 45.0 490 10 250 998
12.0 40 197 240 3901 50.0 470 42 21
14.0 B4 165 219 338 55.0 447 “ 15)
16.0 58 131 189 276 60.0 426 50 0

18.0 62 105 167 223 Kk, =0.0673

t~AT hfihen Sk Dliu#ﬁ]-—llkli‘uciﬂ:;tn, ZOE 2 ARSI KERICHBILTD
5. EOMITHRO— v~ + < Itk 5L IR KRR (IR (st
HIL. %0 KA —BH1e b LRSI R & B I T KT tmlogr
thi% W B BRI TIC T, KESREER &,=033) o—EFT3%k."

AR EER 3 Bic, FWIEFSOBMEEEH (b)) (ZR—T T Imin. TR D, ZOH2 (@)
L@ b 2 BEH LK E K 2R AT .

i, cOYEEDHE, v 4 FREDESEEO EBTH B FHHE W3IC Bk
(OEDTHME), BIbEO I S EFT— DY % 7. 0, WIS ORI A 2~8
min. TRINZDHRCHS. .

SEETHIT, 2w ¥FR—EAITBEE RS R80T b I EER g —Eic LT,
IEREREESREN LT — T2 2. X, MBIEPEO SRS LI —E T3 3.

G B B ®
LA AU O PRS2 i~ Fedt, RITHERE S A, GEDH—TROGIT L7

TR @I RT N AEEAR L ( —% Lt~ I 239 + 05Kcal./gm.moal
T35

16) @oMmafsd et zh I ADRIENP LB-THLABE LT e FXRERTDL 5 XORLLEE
W2 o BiTo8 L 0T, #MES I°C U ERE 3L 2 THITS 3. '

17) PSPEIECI e v A VLLEC BRI THon S0y IBMF IR Lo HRIX Az 0012 5, FHIE
SONEITEHERTHRTS S,

18) 3 o ME RIS s Ml S/~ Tizes. Olgm o H,0. X 945 30ml. 0O, %
EFo LA s L oL B X, #ABEkIED 3w 1 PP~ oBEITEITER LTy,
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& Meichsoer®™ jofiiuld 07221 T SWA2Kel. | (20°C 2 C), BEEEY & Jbioir L 08322 1cTit
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19) G. L. Matheson & O. Mass; J. Am. Chem. Soc., 51, 674-687 (1929)
20) W, A. Roth, K. Gran u. A. Meichsner s Z. anorg. Chem., 193, 165-168 (19:30)
21) M. Betkelot: Compt, rend., §{, 331, 807 (18£0)

22) J. Thomson: Thermochemische Untersuchungen.
23) R. de Forcrand; Compt. rend., 130, 1250, 1120 (1900)
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Table X
@* (b) ()
. Group | 1t s AT 0 :.,RQ\!:_;l 1 logQ::Jn o

No. (mil’l) . (ac) ((‘-:I.I) (Kenlgaiand) ("n’) {Realfmim.minl) (‘,’) ﬂ{ulmm.;:;u!)

® | 100 {32550 0163 60408  2.046 Te60]| 34199 Te2?l | 16029

@ | 100 |52.4820 0.178] 70.835 24474 T-17 27.209 2908 [ 17.071

I{@| 100 [32.210; 0.180] 73.855 20467 Toon| 88171 5 .817 17.188

@| 10 auzj 0.202  69.0860 21880 3. 566 24,721 347 20494

@] 160 [30.344 0138 G0LU5Y  (21.041) 2.05 21499 3020 20.119

07 26.007
25.755
] 24164
v 16 21081

100 {31.994] 0.176( 70.042 24,193
S0.458 01800  68.400) 23193
SL655) 0.140] 60447 24,163
160 183,251 0.1d3] 6D.6GY (22.873)

(S
&%

g § oo o
CEERER

' @[ 10 29.960] 0.175| 65.159 23.344 Tog7 [ 26.220
! @ | 130 [34845] 0.1300 95,200  23.780 2.6 B 796
@ 25 (22740 0950 147.044 23632 (Tso0)| 24301
25 [12.208] 0481 75.288 23.084 148 23,813
® | 26 [10.465) 04200 65.354] 23.453 Te0| 23.783
Ti@| 25| 9123 0368 56411 244 Te29| 29.060
® | 2| 7.718 0.307] 47.724) 24042 T2 28.475
® | 25| 59006 0.253 37.323] 23.508 T.12] 20140
(@] 2| 3633) 0.128 20.238 25.615 2.80| 25.578
"""" ;-"@‘ 80 155.530 0502 148.350  23.523 (.93 2.646
[ ® 80 33200 0.333 00.825  23.683 2075 | HAlD
Vie m sex o231 55518 23508 F.o40| 2452
'\\@ 70 |13.575) 0158 18.792  23.990 2.5 | 23528
mean......23.886
— - — ( 1 g
Kic, REHIAL D —KONCHTTT 380 LBELT, (~ogor + o o> gk
FHERBEOEY a,” L) LTH=REIC X U FIER Q" £ ROTHZBILHA-K (D)ol —
iz Q X bALh D, LEREOEZE ¥ D@2 LV IERQ kRO BELE (O

S MhEE ok, RLTHEMAOYE b AEE—FLAfIBoahok. It VLT
T, BHUINIC2REL L T el a0¢d 34 EEMDII BB > { IR
A ITHEBERARR FECEELTAZOTIEMLG She B4 MIn k5.

(6) REMMAICHT

E "‘\(\)— ' _‘H"llh%&tt WIBIC UL B O E & METIC iR T 5 I (S RIEED, B0 1~

AT et ABC 2ARF KB LTHIBIT, 2oWIhBIlivicTlaic Y 2TIrEe
7 2R ERICE~Te. ToEBMEONIM & LTHERKZ L oThidite, it X 33EH

S AFBEOFRICY DRSO H RESBREICT, Q oRNREMLE 3 XHERBERO 0T Y.
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H—#MECThae f FERINMLK GIIROTHS. B2THLHLICHICEMET KE T
BLOTH KA LB 60T, £6<¢ 2n 4 FRICHETZL0THS 5.

R, MEOm KEMRE VAT HEMNORRIZEAS TEZ B DOTHS. UE=D
ORELY LTREOZEGEEIELIETE Y » ) 2 -5 —ORIEVINIFLICET 2 HEE
+3.

Bic T~ 7 in ¢ FINEL RSO MBS BRI LA R MR < 7 v 1 FitcliRd2 b0
TH5. HiL, 30 4 FR—ECTLZOFEEC L VRB EDC,BL { 30 4 VRTOMK
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MUERLAT BN CHR2 5 b2 FLVARLF, XEOHL—ELThE. #OTHURIRE
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L TRAC R HEIC A2 DTl v & iz 5. "

7) # ¥

PLEMIR O T L2 e 88T 3 komd & 5.

Bé&and Fick 2B EKEOTMI-O0EENLLIRD, 20N—0MIcLTIZE
R R LA i 0, FHFREEEIAE = 4 FROTRIT, DOELKER (B
FIRIE) O—RIIEPT 5. TOBEBEEINIERLKESCEL 2= 42 Fit K a8
BOTHS. BLOEEULTEERLEAMILKECHLEL, —KEELT, £oRNCEFR
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