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Fig. 1. Apparalus for preparation of sol in
almosphere of a definile gas,

: A vessel for exchange the gas in waler: a flask of

about 2 litre with a reflux condenser,

: Colloid formation vessel: a cylinder flask of about

250 ce.

: A sol dilution vessel: a burette of 25 and 23 cc.
i A sol storage vessel: a flask of about 1 litre.
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: Ciofc- T ORERENTLI 2 MO TH D yoltage: prim. 100V sec. 10,000V). €,z Oil
ARl o A . _ condenser (capacity : 0.02mf).  S:'Mica spark
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£0.02 amp. i ThticE L o7 wire ammeter. Csp Variable oil condenser.(cap- +
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(Fgn” Kk B #H = Vol xv1

AMEREI0 L H.0. OWBKER 0.080 mol/litre 12T, JTIEEEN 5 HiI o 12 26°+
0.002°C Chofe. LM~RTY L REILTE L+, BUKHE b ST L koofe.

% Y r b T itk IER RO TH S,

() kFESBICLBRE '

ALY T ED A3 I, H 1 RITRTm],  REESERAEL ( — AKX ITfEETT
THWITAWMOER Y 4~ (Bredis) LERTHDH, MUEBIEA Yo il 2iLFi.~

ociRitEahtd b,

LUF o g v (Bredig) IT8540 LRI R REASTY (oxygen type),
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Vig. 3.
The reactwns with the
hydrogen sol.
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0 10 20 30
- ! (nﬂu.)

Table I. Hydrogen-sol. - -
Initial ¢onc. of 1L.0L: 0.020 molflitre, Temperalure: 239C.
Cone. of Pl-sal 5 Q¢ dr '
Exp. No- | (3 103 geatomflitre) Treatment @ (min.) (T;?' —d‘,‘);m. 4
1 3 none ' 8 0.0007 0.015
2 ] none (standard) 7 0.0473 0.0646
g i Lhr O, gas | ° 7 0.098 0.100
1 hr. O, gas,
i " Bl hesd 7 0.099 RTL
5 0 12 hirs, O, gas 4 0,180 D501
Colour of sol: Hack, Type of reaction: Aydrogen.
. 1
' i)
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‘ﬁin No.

; m;‘,ﬁjpi{_ﬁ"ﬁ:{;j AP D %,{HEJH?. Eos#EEHE S 3 iJ: VEBEAY Lic/ vtk DR

S iz b [ltype TH D (Lxp. No '8 % B). {ILLiSTEEE liil Lo ')jﬂﬂll'f . FeHH Ak

]
: Ui Ak » ~%ifi+2 L8 LAt/ (Exp. No. 4).
N (2) BEE Y VIC & DREE
\ - JTable 11, Oxyzen-sol.
Initinl conc. of [L,0,: 0,032 molflitre, Temperalure: 23°C,
Conec. of I't-s0l | )
Exp. v La |(Q  ax ) 5 Colour | Type of
Mo :fl?ft:ll[f)hl;ic) Tesloen [(min.) ( W dr Jint ! B of sol reaction
& -
! t 15 none 4 0.052 ‘ 0.053 brocis oxygren
v 10 none (standard) H 0017 ‘ 0.031 brecon oxygen
" B " 10 min. H, gas i 0.030 Po0.062 branon axyger
: 0 " 15 min. 1. gas -— 0,75 I 1.727 black (Avarogen)
= 10 i 20 min. 1L gas - 0.86 1727 | dlack | Uhydrogen)
11 " 2 hirs. 1L, gas — 0.85 ‘ 1.900 Slagk ~ | (hydrogen)
a 2 hrs. Ha gas, S o i .
3 ’ (12 firs. 0% s — Q.70 . 1...U-l dlack (fydrogen)
i 13 2 20 win, Hs gas 4] 0.056 0.078 black heydrogen
' 14 2.5 " ] 0.074 0.100 |  black hydmgen
13 15 none (standard) 10 0.020 0.051 broon oxygen
16 ' 0 “(1:3 d;megr‘;s;’ Cl e 0.021 0.056 | browom oxygen
% I 10 min. Builed at 100°C 0 0,024 0.041 broaon Mnear
18 " L hr. Bailed at 100°C 0 0.028 0.046 browan linear
' (RE: Exp. Nos. 6—14 jt)jirf= ¥ oo ¢ Exp. Nos. 10—18 2D 7 (2 LIRFER SN2 1 20)
001 L L
sk |
6 ;
_ ag 9ol ke
28 H b
: 1.0 H 25 o
' i y
B+ - - 3
b = - -
Ak - L -
B T = R S
20F Fb b [
Bl - - -
1 WO o = -
1 1 T
0 10 20 30 40 T AL 60 - 70 0 10 20
—— £ (min.} = £ (min.)
Fig. 4. The reactions witl the oxygen sol. Fig. 5. Influence of hydrogen

~  gas on the oxygen sol. (a).
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15). T ORUNUEH LI e,
fds S o @iiﬁil ICiR~Fctn ¢ e {brown) TH ::,»,JJ;:, cduz‘_yj(;ﬁ-;‘;’z Pl o 2 # 12'—
13412 T2 A (Wack) 183k 3. M4FF 2 2 €O S, BAEIOSMEL A ke X%
JEHER JENHE PR % LA B tandard) © % 0 & b W O-type T b, SEFEIE D fiic *
MINT2DHTHS (Fxp. No. 8§). L2 ICHEHED b DL, Z DL EAFIS0—001C &3

CInd % (Exp. No. 8,10 & 11). L I53REG E7c b0 $ 18 2REIHGE C72 o iR

KA ¢ LKA A AT TR L7 ¥ 2T IEH A A AT % B IRTEIE DA T o (Exp._
No. 12). 35 6 RIS R T 41< % OLEITITER E AR D KT B IS TV b, BIRO /L
%Y AT IR L 7 B ICHS 6 BIICRT ¢ Haype THo7e (Exp. No. 13 & 14).
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Fig. 6. Tnfluence of hydrogen gas

on the oxygen sol. (b).
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Fig. 7. Influence of boiling on the oxygen sol

Bk A ST B (boiling) DY LA BT TIRICTHRT Ind ©H 5. WlHIHIc
THBT S {8k ¢ O-type TH 241 (Exp. No. 16}, 100°C ToOWHOE A TIEEM S~
{Bredig) @n < ® MWEROMMEAT 2., H¥EML b ELL —KRICRETTT, WHUER
W (Finear type) &35 (Exp. No. 17 % 18). fEE#C X 0TIE Y 2 O8O ILED Lk H 2
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v D BEINMCLDBRE E .
. f—_’g‘?_"%?}ffbv)&fiﬁf;% AL 0L Mk B ah JRMBILTE D, ZHICISKED
P2 VEEE S ML Otype TH 2 (Exp. No. 19, 20, 24 % 29).
DA DS NEEEEN AL F DI EPFOAEE b 1 L 5 8 BRI { IEETIO 8L

bl BofffhiEosdie $ 2w (Fxp. No. 21,522 7% 23). =

Table [I[. Nitrogen-sol. (a)
Initial cone. of T1,0,: 0.030 mol/litre, ‘Temperature : 253°C.

- Cone, of Pt-sol | : % _- dry

Fsp: Plas ( x 105g.-atom{litre) I Tatnzont & (min.) (j—y ?{)inh &
1 10 ! none $ 0.017 | 0.1a2

|

20 8 none (standarel) 8 0.047 0.097
o1 " 10 min. O, gas 8 0.0 0,101
2% W 1 hr. O, gas 8 0.03% 0.103
23 " 12 s, O gas 8 ‘ 0.053 | 0.111

~ Colour of sal: droten, Type of reaction: oxygen,

R
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LIERE 3 .
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=R - ;
tla 4 #
L &
2 8 e
. T 8 2.0 1
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o .6
2,0 4 s
8t 2 | B
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A4 0 10 20 30 |
.2 - ¢ (min.) "
2o - . . . . ,
0 10 o0 30 40 Fig. 9. The reactions with the nilrogen sol. !

— £ (min.)
Fig. 8. Influence of oxygen on the nitrogen sol,_
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a :
- 9 fticHmT 2 (Fxp. No. 26, 27 B 30). —IWMBRL7c o/ iC80 54 A Ziifi-F 2 b 4L 1L 7
i W (Exp. No. 28). LinLThs 2 Y A DREKFIENLIICT T ¢ H-type TH 3 (Exp. No.
1 o . ' :
: 31 % 32). | L
. — -
A Table IV. Nitrogen-sol. (b)
; Iniligi conc. of 11,0.: 0.030 molflitre, Températore: 25°C, ~
' Conc. of Pl-sol i Ty
. 1%&2" ( x 105g.- Treatment ‘ ( 2 ) | (_Q_ . E), i £ Colour of sol 13!"?[. of
X . ar.nm!lilrc) ] min, I ds /int. , reaclion -
i 2 G none (standard) 10 0.0259 0.050 brozum oycen
1 25 ” 2 min. H, gas 0 0.0513 0.090 bymicor (ireear)
B 26 " s 5min Ilgas | — 0,201 0.40: blorck (Ayddrogeny
’ a7 " | 2 hrs M, gas — 0.278 0.466 black (Aydrogen).
. 2 hirs. U, gas ‘ - o
A 23 ., ( B i :::r |- s 0.502 binck (hyerogen)
]
L 20 9 none 10 0.0570 0.118 brozon oxygen
" 30 v 6 min. H, gas — 0.336 0.818 blerck (Aydrogen)
r
¥ 31 1 2.5 min. Ha gas 25 0.0201 0.0265 black A hydrogen
l'.' g0 1 2 hrs. IT, gas 20 " 0.0190 0.0%03 bliack Eydragen
R 6 30 min. Boiled 0 0.116 0.190 hrocon lincar
. @ hrs. Ha gas, | ’ iy e
: H 6 40 min. Boiled 3 0.161 0.256 . dlack Aydrogen
' - 20 min. Boiled, . - ‘
F- . 25 2 ) ( 2 hrs, I, gas 4 | 0.0504 0.077 black Aydrogen -
i (3£: Exp. No. 19—23 (Uable I11) 3 Exp. No. 84—35 (Table IV) 2 iz flivr 22/ & 2 R
l' BERpct 5. :
-
!
b LA A
| 3P
oik
! g
) -
|
(4 t
e : y i 1 L 1 i i (1 i
2 30 40 &0 GO TO B0 90
. 5 — ¢ (min.)
0 10 10 10 10
-¢ 2 (min.) Fig. 11. Influence of hydrogen gas on
’ Fig. 10. Influence of hydrogen gas on the nitrogen sol. (b).

the nitrogen sol. (a).
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No. 1 BRI £ 2 2w 4 CBRANIOUE (55415 9
g Rl —JERE T IR Y 4 SR L 2RISR i RIS S b, R D i
JeHhssa % (Fp. No. 83). TALICHIITKSEH A ¥ifiF% & Hotype (2% (Exp. No. 35).

CKEF ARMET Hetype Th Db DEHMT2L21E b Haaype 0% L TH B (Exp. No.

34). .

4) BEINCEORE _ :
T BLEICINT Svedberg FEIC THAR LekFE Y "—','Eﬁf 2 L TR Y BT B IR
il~Tent, W3 W CIOIUZ, L% (oW ERICL b k {HEHombA T % Bredig
a&:icrﬂ:_rﬂa Lz s o (3amp. 40 vols. D.C)Y It = H/E L.

o o

i 1
0 10 20 10 20

i 1
— 7 (min.) 0 10 20 30
Fig. 12. Tnofluence of Iwiling on —» ¢ (min.}

- the nitrogen sol. Fig. -13. Infloence of-hydrogen gas and
hoiling on the Bredig air sol.
Table V. Air-sol (Bredig).

Initia] cone. of HoOo: 0.030 molflitre, Temperature: 95°C.

ol

Exp. Cone. of Pt-spl 0. dr Ty {
x10%g.- Treatment e Tz, SN 1| e 2
No. a(.t'nmflit%c] reatmen (win.) ( 7 a3 )ml_ 2 Co}nur nfso" reaction
36 " 24 none al 0.201 0.430 Sroion oxygen
a7 it 15 min. 11, gas 2 0.286 0.404 black hydrogen
38 1.2 none (standard) b 0.0450 0.0978 hroton oxygEn
a9 I 20 min, 11, gas (i 0.0A07 0.0878 black hydrogen
20 min. IL, gas 2 o .
40 " (g o Doy 0.0396 00554 | black | Jydrogen
41 T oom 30 rnjn. Boiled g 0.0810 01356 | | broon lwar
40 " (3? l';‘r’_"-}{f"gg’- 6 0.0693 0.1007 | bluck hydrogen
43 1.2 1 hr. Q, gas i 0.0373 0.0829 brovon oxvgen
44" ' 1.2 1 hr. N, gas 6 T 0.0235 0.0490 brozomn oxygen
B - &
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. Bredig Y41z X 3R, ZO/HHLTS Otype € b (Exp. No. 36 % 38), Zofaid
&#/ w2 IKFE Y e & O TN & U 7B (brownish back) TH%. T FUTKSEH
AEAFED &M T8 TR e B, FNFICKIER Htype (c85% (Exp. No. 37 ¢ 39).
T OBHRHIER A LT 287 S8F S v, SRS v L Rk DRSBTS, —HOKHA =
,Efﬁﬁbkiﬂ%ﬁ%f%%Phwemiuruh%ﬁqu<ﬁ¢famw¢%Am
—HEAH L TERINT 207 @ (Exp. No. 41) EAKSH 2T TR Higpe L@

B8, IGPEE IR A~ Do TiEd T2 (Exp. No. 49). -
: 0, RS A RO A i 5 SIS EOBHE & f {, DEHN 4 885 %o\ - (xp. No. 43
i % 44). g : ‘. :
1
! _ R O

E
|

PLEDERELRET BiIcA0mL TH 5.

, () Bao SN EkE

o 4 S AD—EBIE (1% 107 goaom/lire) (B B KNI K, &K D HICHHRS 2
B OETHNERIE LTHY A~ RO QT i Lic 7 & OISTEIE & B 5 1085 6 335 247
t O CHB. '

Table VL =

|
) ] : Time required  _
l Sol Activity Reaction type CDID?;g fui,(r:;m ok . before colour
o Tl | change (min)
‘k- Hydrogen-sol ~ hydrogere * Black (02 10)
L _ : +04 gas 30—35 kydrogen ttack (0: 10)
I
Oxygen-sol 1 oxygeN &rotonz (10:0)

i +, gas 50—60 hydrogen Gack (0: 10) 12—15
- Nitrogen-sol ~5 oxygen dark drown (8:2)
b +H, gas 40—45 ydrogen Black (0 i0) 985
: +0a gas (<5) oxygen dark Brown (8:2)
1
! Airsol (Bredig) ~240 oxygen brotonish black (3:7)
- +1I, gas - ~220 fydragen black (03 _lﬂ) 6—8

+0, gas (<2200) oxyges; browonisk black (33 7)

+N, gas (<200) oxvges: brazomish black (3: 7)

7) Exp. No. 36 L 37 Zur Fxp. No. 38 L 30 r #H~BIC, (% -“’]—f,-)im_ @Hnt 235, & 1k
HLTRDITEE.

8) #S—ICT Bredig Y AICHF 458U HIUE, Yol C X REMERE 4 Lakfe T

£=(T‘3’_)“, n=2 pEFFPRLILTHZ. 4o Svedberg ¥ iTilv T LOAMEE QAN

oM iR DS . ROTZ oML MO T 1x107 g-atomflitre @ & RSB ZRIVE

IREBREEIIEVEG TR L LG LS IEEEof LARITE .

,_-F- P i W - -
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No. 1 BRIEIS LS 30 4 CRBETONE R 4R 1

UBNEHE Y A OIS CH b, T 1 EFIUFSEET L1385, KBS LT &
%, RS A TIE 240 AR RIRHE ERT Lbs L TR Y v, SRR 7 L il
FUTILE, FHERIEATH & 50—60 131K 8—9 (A BIAM L, I= % 50—60 % 40—45 =¥ 5. Lis
BICAERY * CRKERFNC X Y D~ 2TH LMD T 5. X, KES A hiEEEN = 1T THI
FALE, IGHEE 45 13 L, 30—35 X x H. Ao TREI Y v (G ) IOKEERE T
2 b, RES ICERHEE T2 bAM S I TS dn d Bk B (9, TR kK

LT BED AT A—HOHROWA L b LIHEERK TS 2 L H~T L, RIIX D iR
T2 LBENZEREY L (Bredig) 2k E RiGHEX T3,
@K K & '

kF Y T X B RIEE Hotype ic TREER R Y 20/EMic Tt L v. ThicELE
T BEILCEDRERER L LR O-type (0T, ZRLMEEN R, BBEFAE
WL T KEMDE LRV, TS O AAkEHN A il T H-ype &7
b, —& H-type &ix27c b OIXMBD I X+ 2 L RT 2 8L LIz

RITS L DOERDIT, KIS LR BAICT, BESLIBOTHD. EEI L IR e s
GEWI DL Bk E G, RRY A3k Y MITIE i PEOE R T 5 (H 6 KB MK). B
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THERMAL ANALYSIS OF THE CATALYTIC ACTION
OF COLLOIDS. (IV)
Hydrogen—,.Oxygen-, and Nitrogen-Platinum Sol.

- _ By Eint Surro.

3 - (Abstract)

The prcslent author has investigated the catalytic decomposition of hydrogen peroxide with
platinum sol by the thermal analysis of reaction velocity. (this Jourmnal, 13, 74 (1939); 15, 1,
155 (1941)) Generally, the surface state of colloidal particles is not simple, but is fairly com-
plicated by adsorbed ions. It is, therefore, interesiing to investigate the relation between the

surface state and its catalytic action. In the previous report, the ionic state on colloidal surface

‘was allowed o change with the addition of another electrolyte: an acid (H.SO,) and a base

(KOH). Tt is also possible to obtain a sol of different surface state by using a different gas
as atmosphere at the formation of the sol. .

In the present experiments, the sol was prepared in the atmosphere of a definite gas (Ha,
Q. or N.J by means of the apparatus shown in Fig. 1. (see, page 2; in the body of this report)
The water completely saturated with only a definite gas in A was poured into B, and by
allowing the gas to bubble out continuously through b, platinum was dispersed electrically by
high frequency altemating current {Fig. 2 ; Svedberg method) into the water.. The concentrated
sol, thus formed was diluted in a proper ratio al C and swred in D.  The liquid was forced
to flow by virtue of the pressure of the gas. ) .

With such sols (hydrogen-. oxygen- and nitrogen-sol} and Bredig-air-sol or the sols treated
with various gases, the decomposition of hydrogen peroxide was examined by the Lhermo-analyt-
ical method. The apparatus and method were the same as stated in the previous reports, and
the reaction is ascertained chiefly from the activity and the reaction type.

Conclusion of the experimental results is as follows :
~ The colour of the hydrogen sol is &lack and that of the oxygen sol is brown. The type

-of reactions with the sols is different from each other in the early stage, though the main part

proceeds as the first order. That is, the reaction with the hydrogen sol is accelerated as Exp.
Nos. 1 & 2 in Fig. 3 {the Zgdrogen type reaction), but that with the oxygen sol is retarded as
Exp. Nos. 6 & 7 in Fig. 4 (the ozygen type reaction). (sce, page 4 & 5} The duration, a, of the
accelaration and retardation is nearly the same. The nitrogen sol resembles the oxygensol, but a
little blackish ; the air sol Ees.amblr;s the hydrogen sol, but somewhat brownish. Both of them are
the same reactian type as the oxygen sol. 'I'hﬁ-Oxygen sol, the nitrogen sol and the air sol is
changed suddenly to black in the treatment of hyilrogen gas, while the change of the colour requires
about 12—15, 2—2.5 il 6—8& minutes respectively. The sols that have once turned to black,
present the same reaction type as the hydrogen sol. The sols of the hydrogen type reaction do
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' ¢ .not change any more, whether treated with any other gases or boiled. When a sol of the
. oxygen type reaction is boiled, its colour is not changed, and the retardation in the initial stage
R, is not observed (the lnear type reaction). :
' = - The relative aclivities of various sols are tabulated i the second column of Table VI, The.
. - activity of the oxygen sol is 1, being lowest; that of the nittogen sol is 5, and that of the -
P, hydrogen sol is about 7. - The activity of the air sol is about 240. If the oxygen sol and the

nitrogen sal are saturated with hydrogen gas, their aclivitics increase about 50—60 and 8—9 times

as much respectively, and their values become :50—60 and 40—45, while the activity of the air -

sol is rather decreased Dby the saturation of hydrogen. If the hydrogen sol is Saturated with

oxygen, its aclivity -increases 4—5 time as much and its value is 30—3b.  Accordingly, it is -
considered that their activities tend to become equal.

TR RN

From the facts mentioned above, the surface constitution of various sols is discussed and
it is inferred as follows: . The surface (and even the inside) of the hydrogen sol is covered

with a surface hydride or a layer of bound atomic (adsorbed) hydrogen and that outside the - -

TV R R A

layer there is an ionic atmospherc consisting of hydrogen ion, which forms the outer layer of

the diffused double layer. On the other hand, the surface {and even the inside} of the oxygen

sol is covered with an oxide film and it adsorbs soluble platinum acid or any other electrolyte
generated at the formation as surface ionogen, and furthermore attaches the hydrogen ion as
counter ion. (Namely, Pty ... H* is considered for the hydrogen sol and Pt O : R= ... I+ for - T
the oxygen sol) A part of the surface of the nitrogen sol has the oxide film and the adsorbed .

- acid as the oxygen sol, in comsequence of 2 slight amount of the oxygen left in both water

TR T Ty

and nitrogen gas in spite of careful removal of it at the formation of the sol.  And the surface

- of the air sol is composed of the hydride fim and the oxide having adsorbed ions.

1t is concluded that the acceleration in the initial stage of the hydrogen ‘typf_: reaction is
attributed to the oxidation of the hydride film on the surface and the retardation of the oxygen
type teaction is due 1o the oxide film and the surface ions adsorbed on it; and also that sols,

e e s gy

are more active when their surfaces are covered with the hydride film than when covered with
oxide film and that they are far more active when both of the films exist together than when. -

either one of them exisis.

L
f
!

In many studies of the catalytic action of metal films which are formed by cobdensing a
spattered or evaporated metal vapour in gaseous phase, it has been admitted that the diffierence
of the gas leads to that of the aclivity.  Direct comparison cannol be drawn with the present
study of the liquic phase reactions, but it is very interesting in both studies of ras and liquid
phases that the activity of a catalyst is highly influenced by the atmosphere at the time of its

formation.
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