
Chemistry. - "Heterogeneolts catalysis and the orientation of adsorbed 
molecules". By Prof. H. R. KRUYT and C. F. VAN DUIN. 

(Communicated at the meeting of September 30, 1922). 

In a previous commllnication I) we published invesligatiolls on Ihe 
relation between Ihe adsorbtion of reacting substances an the velocity 
of the I"eaclion, wilh the ohject of coming to a better Ilnderstanding 
of hetel·ogeneous catalysis. In these in\'esligations we found, that by 
giving coal to the reacting system a decrease of the velocity sets 
in, even in cases, where undoubledly an increase of the reacting 
components in the sUl·face layer takes place. 

In accol·dance with Ihe theo,·y of I. LANGMUIR ') and W. D. HARKINS ') 
concerning the special condition of molecules, which are situated in 
sUl-face layel·s, we tried 10 explain our resulls by Ihe assumption 
1. that adsorbed molecules have parlly lost their mobility and con­
sequently a great deal of Ihe possibility of meetillg and reacting 
with othet· molecules, and 2_ that adsorbtion can cause positive 
catalysis only in the case, when the molecules are adsorbed in such 
a way Ihat the number of effective collissions illcreases. 

That adsorbtion in Îlself can have a decreasing effect was found 
when studying a monomoleculat· reaction, viz. the transformation of 
rRcemir dibromo-succinnic acid into bromo fllmaric acid and HBr 4). 
The reSIlIls are gi \'en in I he tab les I and I I. 

Evidently a marked decrease in Ihe velority occllrs. 
We discussed in the paper cited above, that a positive contact 

catalysis can be expected only in the case, ""hen Ihe reacling grOllp 
is tumed away ft·om the adsOl·bent and towal"ds the sllrrounding 
liquid. With charcoal as an adsorbent, and water as milieu, all 
electrically polar grollps will be tUl"Oed towa,·ds the water; we 
therefOl·e had chosen the reaction of afJ dibromo-propionic acid and 
KJ (fonnation of ac'·ylic acid, KBr and J.). As might have been 

I) Rec. tray. chim. Pays Bas 40, 249 (1921). 
I) Journ. amer. chem Soc. 39, �3�5�~� en 541 (1917). 
S) Journ. amer. chem. Soc. 38, 2221 (1916) and 39, 18'8 (1917). 
') Cf. HOLMBERG, Journ. f. prakt. Chem. 84, 145 (1911) and Zeitschr. f. physik. 

Chem. 79, 147 (1912). 
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TABLE I. Without coal. T ABLE 11. With coal. 

Time e.C. NaOH conc. k 
in 1/20 n n mono· 

min. p. 10 cc. in 400 mol. 

Time e.c. NaOHlc.c. NaOH conc. k 
in 1/20 n 1/20 n n mono· 

min. p. 10 cc. p. 10 cc. in 400 mol. not corr. corr. 

0 20.22 19.98 - 0 18.91 20.22 19.98 -

1371 21.53 17 .36 0.000\03 1372 19.89 21.20 18.02 0.000075 

2991 22.70 15.02 095 2992 20.87 22.18 16.06 73 

4288 23.57 13.28 095 4311 21.29 22.60 15.22 63 

6771 24.88 10.66 093
1 

6788 22 . 12 23.43 13 .56 57 

expected, we then have fOllnd and accelleratioll of tlle reaetion. We 
repeated these expel'iments in ft :CO.·atmosphel'e and inthe dark 
rOom 10 a"oid complieations. The I'esult was al most the same: 
without coal we found k = 0,000123 and when eoal wa::; added 
k = 0.000149. 

The plaee of the polar groups in dibl'omo,pl'opionic acid is ho wever 
not symmetrie; the pORsibility l'emaills that the COOH-gl'oup exel'ts 
a more vigorolls ol'ientating influence th:w the BI' groups and eon­
sequently the lattel' will not be in a IlIOSt favourable condition. A 
better l'e8111t eould be expectod theJ'efol'e in the case of the reaction 
of dihl'omo-sll('cinic a('id and KJ . A compal'isou between the 
f01'l11 ulae 

Hc-nH-COH en HOC-CH-CH-COH 
BI' BI' Ö Ö BI' BI' Ö 

will el ueidate th is i IIl1l1eJ iately. Moreovel', the stereochem ieal confi­
gIlration sllggests a still bettel' l\I'rangement in the case of the 
mesofornt than in that of tlle racemie. ln the tables IU and IV we 
give the l'esults obtailled with the" raeemie, in the tables V aud VI 

TABLE lIl. 
Ra c e m i c·acid without coa\. 

Time e.c. thio conc. k Time 
in n n/800 

mono· 
min. 40 mol. 

in 
min. 

0 0.08 19.92 - 0 

790 1.82 18.18 0.000116 776 

1392 2.99 17.01 113 1380 

k mean 0.000115 

TABLE IV. 
Ra c e mie-acid with co a\. 

n 
e.c. J 40 

n 
e.c. J 40 

not corr. corr. 

17.27 20.12 

11.72 14.57 

8.90 11.75 

conc. k 
mono-

n/SOO mol. 

19.92 -
14.37 0.000421 

11.55 395 

k mesn 0.000408 
21 

Proceedings Royal Acad, Amsterdam. Vol. XXV. 



326 

TABLE.V. TABLE VI. 
Mes o-acid without coat. Me so-acid with eoal. 

Time e.c. thio conc. k 
in 

" "/800 
mono· 

min. 
40 

mol. 

Time " n 
k e.c. J 40 e.c .. , 40 conc. 

in mono-
min. not corr. corr. "/800 mol. 

0 0.06 19 .94 - 0 18.21 20.14 19 .94 -

289 1.11 18 .89 0.000187 292 14.45 16.38 16.18 0.000716 

576 2.12 17 .88 189 582 11.20 13.13 12.93 744 

806 2.83 17.17 186 809 9.47 11.40 11.20 713 

k mean 0.000187 k mean 0.000724 

Ihose with Ihe meso-aeid. The initial coneentration of Ihe acid was 
1/.0 n., that of KJ 2n.; wOI·k is done at 2!)0 eentigl'ade, in CO,­
atmosphere, in the dark room; 1 gl'amm of eoal was added pel' 
100 cem .; in the experiments with~coal;10 cern. of the reacting 
mixture were poul'ed into 20 cern. ot' thio-solntion of 0.02525 n.; 
the titration was done wit.h a J-soJution of 1/.0 n. 

These I'esults, shewing a gl'eat accelleration of the l'eactions, 
fully support 0111' theory. 

We have still othel' expirience, which is in aceordance with th is 
theory. Dr. C. F. VAN DUIN wiJ gi\'e presently a detailed paper in 
Recueil des Travanx chimiques des Pays Bas. 

Ut'recht, VAN 'T HOFF-Iaboratory, 
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