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THERMAL ANALYSIS OF THE CATALYTIC ACTION OF
COLLOIDS. (I)*

Catalytic Decomposition of Hydrogen Peroxide by
Colloidal Platinum.

By Eijt Suiro.

Bredig and his collaborators” first made comprehensive researches on the
catalytic action by various colloidal solutions. They called the action of hydrosol
of metal or metal oxide and hydroxide “ Anorganische Fermente” becausc of
the similarity of the action to that of enzyme. Since then, numerous investiga-
tions have been made and most of them done concerning the catalytic decom-
position of hydrogen peroxide by colloidal platinum.® In all of these studies
chemical analysis such as titration of the solution or the measurement of the
evolved oxygen has been adopted for the determination of the reaction velocity.
The present author investigated the said reaction by the thermo-analytical
method®, which originated with Prof. S. Horiba and was successfully applicable
for continued measurements of the reaction velocity, especially for the initial part
of the reaction, in order to elucidate the mechanism of the decomposition and
colloidal catalysis.

Experimental.

Materials,

The platinwmn sof was prepared by Bredig's electric dispersion method, using a direct
current {40 volts, 6 ampercs) cooled in an ice-bath. Afier about 1 hour it became so dark
brown that no electric spark was sesn. The concentration then determined by precipitating
with a liltle electrolyte was 60~80 mg. of platinum per litre. After standing for several days

to permit the larger platinum particles to settle, the sal was carefully siphoned off and diluted

* This is the English (ranslation of the paper which appeared in Rewv. Phys. Chem, Sapan, 10,
251 (1936).
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4 times, This slock solution was so stable without any addition of 2 protective colloid or
peptizer Lhat no precipitate was noticed afier several months; and it never coagulaled afier
the decamposition of hydrogen peroxide.

The hydrogen peroxide solwtion was -a diluted Merk's * Perbydrol

All the water used was a conductivity water prepared thus: twice distilled waler was
redistilled by means of a Pyrex condenser and then the air without CO, was passed for several
days.  All the vessels used were made of * Tdex ™ glass? and were stexmed out.

Apparatus and Procedure,

In the thermal analysis in the liquid system, the measurement of the temperature change
of the reaction system was made by means ol a glass calorimeter as shown in Fig. 1. In the
figure, A is a glass Dewar vessel holding about 100c¢.c.
of a solution, B a glass vessel which holds about 6o c.c.,
C 2 normal Beckmann's thermometer, D a glass stirrer
rotating 3co+z0 times per minute, and E a lheater with
a platinum wire resistance movable up and down,

50 c.c. of platinum sol was introduced into A and 2
solution of hydrogen peroxide in B to let just 50 c.c.
flow out of b". The lid which supports B, C, I and E

was put on A tightly and then £ was connected. "I'he whole

apparatus was dipped ina thermostat at 30+0.002°C. The
platinum sl in A was heated to almost the same tempe-

rature as that of the thermostat by I, and then E was

drawn out to avoid the catalytic decomposition by it. Aflter

Fig. 1.

thermal equilibrium had been obtained about 1 hour later,
hydiogen peroxide solution was siphoned off into platinum sol in A within 3-4 seconds, first
blowing from f. Instantly they were mixed with each other and the reaction staried. At the
same moment, Beckmann's thermometer which was tapped automatically was read on. The
initial concentration of hydrogen peroxide was determined in another Hask by titration with

standard potassium permanganate solution.

Calculation Method of Thermal Analysis.

The principle of the thermal analysis can be expressed by the following equation :
d7  Jd7 0 dx

dt dt WV dr

7 -

where %{—‘ is the temperature change in the reaction system. _‘df is the cooling velocity
¢

due to the temperature difference between a reaction system and its surroundings, Z.e. the

x . ; . " dx
thermoslat, Q- JT; is the heat quantity produced by the reaction per umt time (& and S—
f 4

t

4) The *L'elex ' glass manufactured by Tokyo Electric Co. Ltd. is similar to *Pyrex ' in quality.
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are the reaction heat and the reaction velocity respectively), and F the waler equivalent of
the reaction systemn,

Cooling Constant and Water Equivalent.

In the calculation of the reaction velocity and reaction heal according to equation (1), it
47’
it
apparatus. In this case the cooling follows Newton's law, that is, it is proportional to the

is necessary lo know — and [/ which are particular to the reaclion system, i.e. the
temperalure difference. J7, between the reiction system and the thermostat. This was
empirically justified with some correction, 6 or =, caused by stirring heat or others® There-
fore,
a1
e i G [y (] | SR SRR (- |
— (2)
=K (dT—z2). ...... e e S (2"
Thus, by the measurement of natural cooling velocity of the reaction system the cooling con-
~
stant K& and the correction term & or 7 can be obtained.
Let » represent the resistance of the platinum wire of the heater and 7 the intensity

of the electric current transmitled through il, then the heat quantity per minute ¢ liberated

. Frx6o . 5 L dx ; . )
by the current is it {cal). DIutting ¢’ for O 2 equation (1), we have

ar
dt

Accordingly, the water equivalent [} is obtained from the measurcinent of the mte of the

+ K (IT—7)

temperature rise of the reaction system by electric heating.® The resistance of the heater »
was measured preliminarily by a potentiometric method under the same condition as in the
calculation of the water equivalent and was found to be ©.493 ohm. 'T'he values of A and
I} obtained are given in Table I.

Tahlle I.
: T 0 KD ' i w
N1 oy | ¢ofmin) | (@) *) (amp.) (cal.) et
1 0.019 0.00024 0.01393 ‘ 0.8 116.84 .
2 1z 18 1393 1.0 116.95 e WALEY
3 18 20 1395 0.01391 0.3 116.57
4 397 1400 10 116,38 :
M 1;03 1304 o8 116.45 m]ulml::il :fler
[ ; 1385 1391 0.9 115.70 resciiod
7 18 20 | 1392 1397

Mean valugs: r=o0.018, §=0.0002, K=0.0130, [¥=116.6

5) .£.=JE", 0 is the rate of temperature rise by stirring; r is the temperature difference between
T

the reaction system and the thermostat ai thermal eguilibrium, being due lo stirring heat.

6) The platinum wire of the heater is dipped in the solulion in this casc and not in case of the
reaction. Consequently, the waier equivatent for the reaction must be exaclly #"—o.014, because
the weight of the platinum wire is 0.46 gm. and the specific heat is 0.0312. This correction,
however, is negligible as compared with the value of /I

7) As to the value of A7 (@) was obtained from graphical method and (4) from caleulation. See,
S. Horiba and K. Sato, Rev. Phys. Chem. Jupan, 6, 25 (1932).
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'
Reaction Velocity.
Subslituting equation (2’) in the fundamental formula (1), we have
d7 Q dx
+ K (JT—7)= T e e RS —
- ( T)= T (4}
As —E’;—Z- is the inclination of the reaction curve (J7~¢ curve}, the value of Q (l;’;‘
can be easily obtained from equation {3). In th:‘s case 117 is known and ¢ can be obmned
as shown below; hence the reaction velocity < T at a cerlain time can be calculated. Even
if 1 and @ are unknown, both are constants and so the plot of iQV ‘Z’: for a time ¢

makes the reaction velocity curve.
If the reaction is of the first order,
dx
dt

where [, is the velocity constant and 4 is the initial concentration. Pulting (3) in eyuation

=bla—x)=kaxesh, .. 5 A R SRS S (5)

(4) and taking logarithms, we have

Iog{ﬁ-i-f\'(df T)}‘—‘log%- i—?;;=log Qﬁfz —Tg";?- creens (6)
Q L dx
W ar

Accordingly, plotting the value of log — for a time ¢ a straight line will be obtained

and the slope of this line will give £,.
Reaction heat.

From equations (1) and (2), the following eguation is obtained :

dT Q dr
o +KIT—f==_ g

Integrating this equalion from =0 to ¢=¢ a certain lime after the completion of the reaction,

Cererarsiere e crrrerennnniiennans (47)

we have

0= i‘i{j AT+ AI AT de—0r}

—_-?.{(JT),=,+K- .S-—dz}.

¢

I'lence, if the value of .S‘=]. AT+ dt is calculated by the graphical integration of the J7~s .
0

curve. the reaction heat @ can be obtained.

In the case of the first order reaction, the intersection of log — iQV %ﬂrt line with the
ordinate represents log ﬁ'fz as seen from equation (). Accordingly, from the initial con-

centration g, the velocily constant £, and the water wquivalent ], the reaction heat (0 can

he calculated.

Experimental Results and their Consideration.

Onc of the results obtained is given in Table II. The curve obtained by

plotting J7(=7=1,) for ¢ is shown as (a) in Figs. 3, 4, 6, 7 and 8.
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Table 1L

(a) Series 1, Expt. 4. (Dec. 3, 1935) () Series TV, Expt. 3. (Feb. 5, 1936)
Pt-sol 10c.c. Pr-sol 2o0c.c.
I o.029g.-molflitre 1.0, 0.028 g.-mal/litre
30°C  (room temp. 18~~22°C) 30°C  (room temp. 20°C)
i t | r I3 r P T 4 7 ¢
(°C) [min){sec){ (°C) (min){sec)] (°C) (min){sec) (°C) [(min}(sec)]| (°C)} |(min)(sec)
2.499 2810 | 14 -45| 2868 | 46+ 30 2.500 2.840 3% 56
t 1z 8z0 15 » 40 862 | 4800 t 05 830 4+ 06
§10 28| 830 | 16«34 858 | sneo0 sre i; z:o 19
20 52 840 | 17 - 350 852 | 52+00 520 ° 3
;o 112 850 19 « 00 8:4 54 * 00 339 4 8o 4
540 2g +  Bgo 56
540 30 857 | 20,00 838 | 5600 550 1 | g, § .11
550 54 | 86r | 21+00) 83 | s8s00 560 41 910 30
560 2. 12 867 22 - 00 823 60 » 00 570 45 920 49
570 30 872 23 « 00 814 63 = 00 580 5t 930 6+ 08
550 51 876 | 24 +00 86 | 66+ 00 590 57 | 940 33
590 | 3e12| 89 | 25-00| 794 | 6900 Z‘I’z ’z: i gf; 7'2:
600 31 831 | 2600 | 2. 00 : >
610 ;3 883 | 2700 ;:z ;s .00 b e W Rem
630 19 970 30
620 416 &7 | 28 .00 766 | 78.00 640 | 2 973 9.0
630 38| 888 | 2900 757 | 8100 650 3t 977 30
640 5+03 88g | 30.00 748 | 8400 660 36 976 | 10-00
650 32 890 | 3100 738 | 87-00 670 | 43 981 30
670 6-19 8o | 32-00| 729 | goso0 630 | 49 2 11 « 00
680 44| 8 | 33:00| 721 | 93+00 o o’ 983 a2
690 7+ 09 80 | 34-00 712 | gb 00 Lo zror 9 | e
710 o8 953 30
700 34| 89 [ 35-00| 706 | 99-00 720 ‘ 14 933 | 1300
710 3«07 838 36 - 00 698 !102 - 00 730 21 a81 14 + 00
720 3 837 | 37.00 690 |105%00 740 29 ’ 978 | 1500
730 907 835 ) 38-00| 679 [110-00 750 37 | 973 | 6.0
740 42| 8383 | 30«00 668 !1I;e00 770 | 52 . g6z | 800
750 10 s 16 881 4000 | 660 |120+ 00 78a 500 | 951 20 = 00
770 | 11+ 37 879 | 41-00! 6350 |125-00 790 09 | 938 | 2200
780 | 12+15} 877 | 42400 640 | 13000 N 1 928 | ag o0
810 27 oré 26 = 00
790 | 13+ 00 875 | 4330 622 |140 - 00 20 | 6 | 903 | Beoo
800 52| 8 | 45+00| 608 |150-00 830 | 45 | 895 | 30-00
Ty=2.500 TH=2z2.500
Using the values of _'IQV % and log % . % obtained [rom this curve accord-
ing to equation (4), as an example in Table IlI, the reaction velocity curve was
drawn as (b) in Tigs. 3, 4, 7 and 8. And the log %; . ifé.;-.-\-f curve is seen

nearly lincar as (c) in Figs. 3, 4, 6, 7 and 8, and from its slop 4, was obtained.
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Table III.
(a)
b | ' 2

o] @& WU S| L5 el L] G wur | S5 et
o —0.001| —0.0003 +n.0169! +o.o:ﬁﬁ| 2 » 425 zb.o +o.382| +0.0050| +0.0026 4-a0076] 3 ¢+ 883
Lo | +0.024 +0.0001 271 272 434| 27.0 384! 51 22 73 861
2.0 o5z 04 271 275 435 28.0 386 51 18] 6g 838
3.0 083“ 03l 293 301 479! 29.0 338‘| 51 13 64 807
4.0 1z nl 267 279 446 300 389! 51 oo 60 730
5.0 137 16 250 266| 425/ 3z.0 3% 51 04 55 744
6.0 161 1gi 240 259 414| 340 390 §I. —0.0001 50 703
7.0 185 22 zz?i 249! 398 30.0 389 5:[ o9 42 626
%.0 207] 25! 210" 235 3731 38.0 337i SI‘r 18 33 519
9.0 227 28 188 216 336] 40.0 181 50 21/ 29 462
10.0 z.;si 31 170 201 301| 42.0 379| 50! 25 25 398
11.0 261 33' 153| 186 zyoé 44.o| 374 49!' 27 22 342
12.0 276 35! 142! 177 249] 46.0 368! 48 28 20 301
13.0 290 37| 128! :65i 219 48.0 | 363 48l 30| 1 255
14.0 301; 39 117 156 193 50.0 358 47} 31 1 204
15.0 313 40 106 146 166! 55.0 341 45 33 12! 079
16.0 323 42 096 138 140| 600 325 43 34 og
17.0 333 43 88 131 1ig) 650 | 308 4:% 35 6
180 3421 44‘ 79‘ 123‘ ogol| 70.0 zgz% 38' 33i 5
19.0 349 45 71 116, ofifi)| 75.0 276 36 32 4

20.0 356 45| 64. uo; 043 S0 | 260 33: 30: 3;

21.0 362 47, 36 103: olsi[ 85.0 238 30| 29[ 1
22.0 367 48 50 098 3 e 902 00.0 229 28 27 1
z3.0 3721 48] 4 92 968\| 100.0 203 25 25F ©
240 376; 49 381 87, g42{ 110.0 ‘ 179 zz‘ 22% o
25.0 379, 50, 30 8o goz{{ 120.0 | 160 9 20
#,=0.0592
(b}

(““;"-) (E‘g)‘ HATES) % ‘ % ‘j—: ,g%%i l;m;n.) (;t(;:} ALaT) %? % ‘;_': Dg%%;
o | 0.000 —o.ooo_*,| +o.ogzo{ +oogxy| Ze gﬁzi, 6.5 I +o.439? +0.0058 +0.02300 +0.0288: Z + 459
0.5 | -+0.040 +0.0003' 1040 1043 Tso018 7.0 450 6o 185 us{ 339
1o 0g8 m IZCD!_ 1211, o83, 7.3 458! 61, 150 211 324
1.5 | 150 184 1000 1018 oo8)| 8.0 464 62 I:‘,al 192 283
2.0 196| 24! 0920 0944 I+975| B.s 470 63 1051- 168 225
2.5 241| 231 SoS| ng 922] 9.0 474 63 o&»t[ 143 155
30 2o 36!' 720 756 8190 9.5 477 64 s 114 o057
35 35 41l 64r.u| 681 833- 10.0 479 64 40 104 oL7
40 344 45 540 585! 767 110 | 481 64 mi 084 JFeo24
4.5 ajo 49 460 509 707| 120 | 483 64 o, 64 806
50 391 sz! 400 452 655 130 48 64 —0.0015, 49 6%
55 | 410 54 360 414 617 14.0 481 64 3o 34 531
6.0 { 427‘ 56| 23 336, 5261 15.0 47 64, C\Df 04

£,=0.2925
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Five series of the experiments were carried out as follows (¢ Table IV):

I and 1. The concentration of hydrogen peroxide was kept constant, and
that of platinum sol was varied. The activity of platinum sol varied during the
stock as proved in Scries III. Series II were carried out on the sol, whose
activity became extremely high in half a month’s stock after series L

HI. The change of activity of the colloid caused with aging was examined.

IV and V. The concentration of hydrogen peroxide was changed. The time

Table 1IV.
Conc. of 1.0, Conc. of Pt-sol. " )
FExpt. . ) | g-atom = 1
Ko e ratio (g;:::,‘:l) a ;gl:ll.“"k ( x“;;‘ig (min.) | (min.-1) (gi::%:ﬁ)
{approx.)

1 | Dec. 5, 1935. 3.7 0.029 | 25 j 13-20 1 0.4677 23.946
2z | Nov. 30 o 29 | 20 10~15 1.2 2100 24.474
1{3 | Dec. 2 » 29 15 ‘ 7-11 2 1532 24.467
4 " ” 29 10 ‘ 5~ 7 3 0592 z3.880

5 " 4 " 29 5 | 34 4 0210
1 » 17 » 29 | 125 6-9 1 1753 | 24.193
al)? » 18 a 29 10 : 5= 7 z 0986 23.613
3 n 16 » z9 7.5 4- 6 3 0507 24.103

4 »w 19 » 29 5 ! 3- 4 0267
1 " 3“ 8t n 29 I\ 57 3 059z | (23.830)
2 " 18} 8 . ” 29 1 f ” z 0086 (23.613)
3 n 26 }39 ) ” 20 " " 2 1163 23.344
1M 4 | Feb, 3 " 29 " ! " 2 686 23.780

1/ | Dec. 4} 5 . W 29 5 | 34 4 0210

2/ w19, o n 29 “ " 0267

\ 3’ w27 } ! ” 29 " » 3 oz6g
1 | Feb, 5, 1936. 8 62 20 10-15 1 (2628) 23.632
z noom 4 31 n n " 3351 23.984
3 noon 3.5 27 » a " 2925 23.053
Wi a | » 4 3 24 | » " 3335 | 24045
5 . 6 25 20 I " . " 31346 24.042
6 " 4 2 16 " a " 3321 23.502
\7 T | o8 ” » " 3350 23.615
I o» 20 L 63 10 5-7 2 | (o753} | 23.525
L 5 38 " ” 3 | o675 | 23683
3 » 19 3 24 " » 2 oblo 23.568
4 o 21 z 16 I 5 " 0914 23.000
mean  23.886

(Note) (1) The stock solution of Pt-sol No, 2. prepared on Now, 12, 1935 was used for Serics
T, 1T, I & V, and Nu, 3 prepared on Feb, 3, 1936 for Series IV,
(2) The concentrations of [1a0a and Pt-sol indicate those at the reaclion, fe. those
after the mixing of both selutivns.
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of the reaction was shortened and both series were completed within a few days
to lessen the change of the activity. Series V were examined with the object

of considering the initial part of the rcaction.

{1) Reaction Type.

The reaction always proceeds as shown schematically in Fig, 2: it proceeds
in the two stages—#te #nitial stage (ab) and the later stage (cde). The later
stage, which is the main part of the reaction, is exactly of the first order (for the
line ¢’ d’ € is straight), and before this stage a special stage appears.

It has been admitted that the ‘ @)
catalytic decomposition of hydrogen D
peroxide by metalic colloids is either -
of the first order or nearly of the first
order with some deviation. Even in the

present experiments, if & is calculated by ;
A .
an ordinary method (;I’,:L In 2 )
! a—x y

neglecting the initial stage, it does not

hecome constant and the reaction does
not exactly appear to be of the first
order over the whole region. By the

ordinary titration method the initial

stage will never be noticed, because this
stage is too short for the time interval
of measurements. But it is interesting

to mention that by the thermo-analy-

tical method the initial stage was found,

Fig, =.

which will be discussed later.

(2) The Effect of Concentration of Platinum Sol.

From the experimental results of Series I and II as shown in Figs. 3 and 4.
the duration of time of the initial stage « (thc 7th column in Table 1V) is
decreased as the concentration of the sol is increased. The reaction velocity
constant 4 is nearly proportional to the square of the concentration of the sol,

s H 8
as seen in Fig. 5.9

8) The deviation of the plots of Expts, 1 and 2 from the straight line of Series T can be explained
by taking into account the increase in the aclivity with aging and that Expl. 2 was carrield
out first and Expt. 1 last in this series.
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Fig. 4.

Generally speaking, in the case of colloidal
catalysis, the reaction velocity is not proportional to
the amount of catalyst, i.e. the concentration of the

sol, and the following relation holds, that is.

V4 c \*

=)
where £ and ¥ are the velocity constants for ¢ and
¢, the concentrations of the sol. For the values of »,

Bredig and his co-workers” have obtained 1.3~1.6,

T T L] T

51¢ 15 20 25
—(Conc, of Pt-sol}
Fig. 3.

9) e, cit.

I.i~1.4 and 1 in the decompositions of hydrogen
peroxide by Pt-sol, Au-sol and Ir-sol respectively. In

the present experiment, it was as high as 2.
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{3) The Change in the Activity of the Colloid with Time.

In the comparison between the experimental results Series I and II obtained
with 5 c.c. and 10cc. of the sol, it was found that the reaction velocity was
larger in Series II than in Series I. To make clear this change in the activity,
the experimental results with some addition are shown in Fig. 6 as Series IIL

It was found that the activity of colloid increased with aging, reached the

ar maximum and then diminished.

0.

) And it is to be noted that the
g 1/ == duration of the initial stage « tends

= ‘U’%T’E?k to become short with the time.
I // It is interesting that in colloidal
e o ame catalysis the activity does not gra-
w7 © Fetmiveg dually diminish as in the commoa
L 0T ™y (swww  case of heterogencous catalysts but
Q"’_ié' 3 @—o—2 e rather increascs to the maximum,
= This result G. Rocaselano'® has
T 1 attributed to the effect of oxygen

Fig. 6. contained in the sol. S. Rusznyak'™
has found in the decomposition of hydrogen peroxide by Ag-sol that when the
dispersity is high, e the size of the colloidal particle is small, the activity is
also low, This relation between the particle size and activity can not be applied
as a general rule to colloidal catalysis, because his experiments were carried out
with the sol which was prepared chemically by reducing method aand seemied to
contain many other substances acting as a poison; but if we regard his results
as applicable to our case, we may think that the increase in activity with aging
is due to the growth of the colloid particles. However, it is probably inferred
that the phenomena is rather due to the change in the surface nature of the
colloid.

A more definite interpretation of this phenomenon will require further ex-
periments. And the relation between the size of the particle of a colloid and its
activity is an interesting question in the colloidal catalysis. The fact that the
activity falls off after a long time as in Expt. 4 may be ascribed to the decrease

in the concentration of the sol by precipitation.

10) G. Rocasolano, Conzpé, rend., 170, 1502; 171, 301 (1920).
" 11) 5. Rusznyak, Z. physik, Chem., 85, 681 (1013).
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(4) The Effect of Concentration of Hydrogen Peroxide Solution.

The experimental results (Series IV and V) obtained with various concentra-

tions of hydrogen peroxide are shown in Figs. 7 and 8.

ah
5]
(-}
S
B
b |
©.08
= ¢(min.)
0.16 ’umn
o J
(b
(ur s of HG-com 3
I
5 R
2.5 _
h‘zl" 3 —_—
‘- .08 2 =
ofp ro—
.

dr
dr

W

(b

2-0 40
-+ #(min.)

(Zae 4 ) come 3

—* log Q

Fig. 7.

Fig. &,

It is seen from the reaction velocity curve that the initial reaction velocity

is nearly proportional to the initial concentration of hydrogen peroxide, and that

12) In all the experiments, except Expi. I in Series IV and V, the temperature difference (477 of
the reaction system is below ©,5°C, and within this (emperature the effect of the velocity con-
stant due to temperature rise may be negligible. Hxpt. 1 in Series TV and V was carried out
with temperature difference over 1°C, only lo examine the initial part of reaction. Deviation of
B in Expt. 3 in Series IV is probably aseribed 1o some error of the concentration of the sol.

.
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each reaction ends almost at the same time. Next, that the linear part of the

log —Q--d—‘rﬂvt curve runs in parallel shows that the reaction velocity constant

S Woou
# agrees well with one another. The duration of the initial stage « is about 1

min. in Series IV and 2—3 min, in Series V,
(5) The Heat of Decomposition of H,0..

The reaction heat Q calculated according to equation (7) is 23.9+0.5 Cal
per 1 g.-mol, being in considerably good agreement as shown in the last column
of Table 1V,

Let us compare this result with those of other investigators. Matheson and Mass'®
obtained 23.45 Cal. as the decomposition of hydrogen peroxide solution with small particles
of MnO, by means of adiabatic calorimeter. Roth, Gran and Meichsner'? oblained 23.42
Cal. (at 20°C.) for a 97.279% solution and 22.64 Cal. for 0.33% solution. From thermo-chemical
data’®, —z2~—z5 Cal. was calculated as the heat of formation from water and oxygen gas.

In comparison with these values it is seen that the author’s value is proper.
(6) The Initial Part of the Reaction. .

As to the initial part of the reaction, the deviation of the curve from the
first order is very slight.  But it is ascribed not to the errors of the apparatus,
such as the time lag of Beckmann’s thermometer, absorption of heat by the calori-
meter, ¢/., but to the reaction itself as is clear from the following three points.

(1) The deviation can not be noticed in the case of electric heating.

(2) When the reaction heat was calculated from the intersection of the ex-

tension of the straight part in the log%-%fwt curve with the ordinate under

the assumption that the reaction proceeds according to the first order from the
beginning. the value obtained is generally larger than that obtained before, and
there is no agrecment in the value of each experiment.

(3) As to the duration of the initial stage «, inspecting from the results of
Series I and II, it is found that the higher the concentration of the sol is, the
shorter the duration becomes. If the difference among the duration is to be
regarded as due to the initial reaction velocity, that is, the rate of temperature
rise, the error to be caused by the apparatus also should be taken into account.
But, as secen from the results of Series IV and V, even though the initial reaction

velocity is different, when the concentration of the sol is definite, « is nearly

13) G. L. Matheson & 0. Mass, J. Am. Chent. Soc., 51, 674 (1929).

13) W. A. Roth, R. Gran u. A. Meichsner, Z. ancrg. Chem,, 193, 165 (1930).

15) M. Belthelot, Compe. rend., 90, 331, 897 (1880); R. de Forcrand, ., 130, 1250 (1900): J.
Thomson, Thermochemische Untersuechimgen, ete,
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constant. Morever, in comparison between the results of these two series it is
found that variation in the concentrations of the sol leads to the different value
of @ even in the same initial vclocity. Therefore, it is inferred that « is affected
not by the rate of temperature rise but by the reaction itself, and probably it is
related to the amount of the colloid.

The reaction velocity curve of the initial stage is indefinitc in cach experi-
ment, being not always linear. Therefore, the nature of the reaction of this
stage can not be made clear. The appearance of this stage may depend upon
the adsorption of hydrogen peroxide on the surface of colloid, namely, to reach
the adsorption equilibrium in liquid system may need a considerable time, which
will be the duration of initial stage 2. And in colloidal system the electric
double layer of its surface will play an important role for the adsorption (diffu-
sion). This presumption is not certain and theoretical consideration on this

colloidal catalysis will be required.

. Summary.

1) By the method of thermal analysis the catalytic decomposition of
liydrogen peroxide solution by platinum sol has been studied, especially the effect
of the concentration of platinum sol and that of hydrogen peroxide.

2) It has been found that the reaction proceeds in two stages: the initial
stage and the later stage. The duration of the initial stage is practically in-
dependent of the concentration of hydrogen peroxide and is nearly in inverse
proportion to concentration of the sol. The later stage, which is the main
part of reaction, is of the first order with respect to hydrogen peroxide and
the reaction velocity constant is proportional to the square of the concentration of
the sol, i.e.,

dx a
e MO, koo (Pl-sol).

3) The activity of the colloidal catalyst increases at first with aging.

4) The value of the deccomposition hcat of hydrogen peroxide has been
found to be 23.9 Cal. per g.-mol.

=
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