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Synthesis of Prussic Acid. Part VIII

Reaction Mechanism

Juro Hosror

Abstract

The previously suggested mechanism [Part I, Horiuti & Kinosita; This Journal
4 (1948), 52. Part II, Kinosita, Yano & Sato; This Journal & (1949), 601 of the cata-
lysed prussic acid synthesie reaction, 2C0+ NH;=HCN+COy+ Hy, in the presence of
thoriated sulphuric acid catalyst supported on alumina was detailed on the basis of the
structure of the catalyst previously concluded by the present author [This Journal 1
(1946), 671 as that,
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. e. that the reaction procceds in one act of proton transfer caused by the group of
atoms belonging to the catalyst sulphuric acid molecule which consists, as indicated by
the surrounding dotted line, of three monovalent oxygen ion O-! each linked to the
central §*% jon by a covalence bond avd a proton resting on one of them.

On the basis of the mechanism the rate of the reaction was formulated according
to the gencral theory of reaction [Horiuti; Journ. Res. Inst. Catalysis, Hokkaido Univ.
1 (1948), 8] allowing for the occupation of the above descriled seat of the reaction by
one NH; and one or two HCN molecule either simultaneously or separately. Com-
paring now the formula obtained with the experimental fact {[Pact IV, This Journal
{(1951), 81 that at atmospheric pressure, 650°C nnd the mixing ratio 10 of €O anda NH,
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of the reactant gas, the steady rate of the reaction varies lineary with HCON concen-
tration in the gas phase, it was concluded that the simultaneous adsorption of NH,
and two HCN ig negligible, and that the rate of reaction increases more than propo-
rtional to the square of the total concentration.

Further conclusions experimentally verifiable using isotopic tracer was derived
and the method of verification was theoretically developed arriving at the conclusion

that, hydrogen isotope is inadcquate but other isotopes may well be used for the purpose.
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NI C T 5 RIEASE L ©, c USHERM A BIR D, BEOBINC X O CRHE Y
FL CHLA S, AN S o pSEERIN T B O BB X 3 LT b Bl ik B 7s
A EFLBE N BEE X BBEEOM 2 L EIEE - OB TH O CBEOM & LR HEI L
D, THEaTEC T 2 WSSO 5 BB KB L ST 5 b T B,

— I4 —



Gl 2l el

B CHEROPFRIC X NEFRIRIIC 51 2 & R G R O B C kO cli
BALTW 5o H0C LERERIC X D ME% 3 L C R e R e 2 I LA 20 P L MBAETE O I B
OIPE DL CFF0 TR ER A B SRR A BRGSO T s AR o T L 20T
FNDLEHRAE R s R LR 2ETH B WEHEEEC XoTE & 2R E RSB C
— AW e 2 SHEEC FEMTEC S 2 @B E OB X oTEE 2T L THOT
= OPREHHROERCERIETNE RS T\,

§6. [FIEWED S 2 2R -2a

§3.1II) L X hc OO p X1 T2, #HoTurHBICED Iz kDT ?d

R LT 2T LM 2. BT L7z 2 RO —BITEFE™ & c OBFTOWCHT
AN %,

— R EEET BRI koo g 5 L) 0 X o A T?&Ui%.:ﬁ*zﬁﬂ L
T, FORBCHETS 4 2o 30 Bk (1.1.U) ¥ X kot #85H L, FHesncls=
OctotcX=1chsc b v ZELTHALN XA X D @UIX)U=b T Upeo DEH
MHTNEEIXCH 5,

”:ﬁ“°K%X‘U:0 (6.1)

UxB.5wcxb, X QAL Eo(5)ick b, —EEE, BOTFTEEM 4 mt Ok ok
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9 Hirschfelder, Eyring, & Topiey; J. Chem. Phys.4 (1936), 170
Okamoto, Horiuti & Hirota; Sc. Pap. Inst. Phys. Chem. Res. Tokio 20 (1936), 223
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L3430 L 2Wo.e /SN BT % 0

W, BoW, & D: HBEE{HAUAEE T L0XEDbL 1ths~ERTH 2,

FEC (7.1.0), (7.1.1) Fo(7.1.2) &L KBEOHEE & W, M O U 1 T Ul L (7.1.1)
K (7.1.2) O BT 2 DOR DLW BROW 2 ROBICEHRT 2,

— 19 —



L B

W1, | NLHON o NP (7.3.1)

W =70,e/NeHCN ’ 2 Uo elzNeH“ (7-3.2)
(7.2) et (7.3) BROBECREE SN 50

zweNH’) - -

— -—— — Pvd —> —>

Wie= Wy g iy %o Uee=MWa ] g, Va3 Hoe (7.4.9y) (7.4.u,)
HCN 2 '

P — Ze — — — 22 — « «

Uie=W ] ucy %o W20 =W 4 -1'__296’8';2*2100,1 (7.4.uy) (7-4.uy)

zziC 2N, 2N By a2 @k x NHy, HCN B Hy «idd 3 D-Jfzk
NNH?D NDCN NHD

ZHC N -

N NES 4 NN'H?f) =T NECN 3 ] ¥ NPew 0 93H2='2"( NEE’_’;’NEb)
(7.5.NH;), (7.5.HCN), (7.5.H,)

L NES =

DT (e) BT 2HTH %0
(7.4) & 745 (o) DL,
v %o,e + U et s, =Upet U1 +72,e

AL a¥B s S\~ C TRk OIEY 1 L TEBITILERR 2B 20

]fu:;g;?ﬂ?{l + (W, —1) 2.5 + (5 —1) 2.5 }
% N .
= =g (1720 { = 1) MV (W — Dot }
Woye Wo,e NHS § NNHD

WBORT g, ximn KO (G uew) (1 24,7 @ (7.5 1k DK RO

N'NCH+ NDCN N'H2+ _ZV'eHD
Une T ymw oy G L D CIBICHR D e D R, RO T

TSN ITNEER & Zi(}ao Z‘L'():U(/=o ChARERTH L, BDIIELTE 25 Zhs/hh
SLCLHEED { P ER1EAEOTRESECEH L VWHEHEKERET 2, NS ZFEL NS N L
LihbZESnRT 5 VB HESBROES 3 ST EFBEO#RE U BB T2 0T 5,

B+ ‘——J‘“ = LT R— (7.6)

1—3,¥43 (1— 2,5CN ) (1—2z, 2
Wo eV %aek (7.6) X D (7. ) ARA L T 2P oW CTROEE —ROCH L CHBT
NERAEHB 2,0

73 T ~NH3 JT - T ~as [f e g

Uie = W,y Ze Up-o s, Woe=2W, U=0 (7.7.uy) (7.7.1uy)
<7 — — <7 -~ -

7;1,12 =W1 27N Uygeo 'y Wae = 2w, 2,72 Uyp=yp (7.7.4,) (7.7.u,)

EAREIHC T 2= T M B RO TIT D OB 10+ 20— 10— % 20, TRGTICADT
BT 0~ %10 TH 25 (1.7 1C X b RO FRAMSHKILO

dae — - — -
—3 N s - ——;t—— = (T, 2NB+2W, VB, 2582w, 2®)Uyp.s (7.8.0)
derCN - e
NACN == = (W 2N W 25T -0 (7.8.1}



75 (6.9) DA b RO BIEHIRALD
3 2N NNt 2, HON NFCN - 2,72 N2 = 32, V1P N N3 (7.9)
e A HE O BT C BRI IE52 75 5 B D & L 1 =0 [CHET 287 =2l e =alh=0 Bl
BIRANT 2w = 7 1C O3 DISEOF & 5 TIHIELEG T (7. 8) Bot (7.9) % Banic i @k
o R

-al oot ~BU p-ot
ngHS 1\7}13 Ae + Be (7 . 9)
Z ST
2 VS = __ 3@
® Ay A5— Ay y
T —e1—asty (a, tag)? —4 (@05 — a2a4)
a, B=- SEV SRS -
4 o et B) et fri
, a—B
g = —almtaatelh
= B —«
Bl
W+2W. | W, Wy W o NN
ay = _’NAHs + N,z Gy = éﬁszvm Nezvys NH"
g @, @,
a3 =W, Rfe?z'" a4 = NeH'cF’ a5 = N,HCN

‘a, B, A Btr B MVE AR t NG B 2V loC (7.9) @k b Up-o 28O BT &HSH
Koo Pl FDHDTCEW,, Wy, Wy BV W, HHOAE R DA N,

B L E S RERO PO CTHERBEEAE RO T U EU EBHF LRI TL 8 5 7x
\ﬂLVé USRI~ R U T 2 & 52 L8 % o S0 KI5 0 ROW, & (7.2) ©
ﬁﬁﬂ%’d-‘y‘#& e O T~ b L ek X oTtFED T,

- 3u o] N¥EED 3 %, NNED

w,= "= /]V‘”“ N Wy 2 L—» ]NNH"
£ RO TR KDL BT 2% o 1 NH, OB - NV (cJ6 % 21,0 RO, BDON
B HDo K il Be NPO¥ B NP (ke > 5L\ #DT

_ Noen yxms . 3 NHD NN
wy=-3" NNIE3 NNHED ) Wq="" "9 NNHE NAID

(7.10.1) (7.10.2)
HI5 = ORI A-C NVES, NPCN Thox NAD 5 JiUE (7. 10) 1€ X O C @y FTk 0y PSR 5 4L
Bo @y T 0 (E T LESEOED BROBECEM SN 5o
SR () PR T VB EFTNE (1.2 DU B W20 13 (7. 3) DU e BT U068 K 285
LABRT R b Ve DO TROMBEIEE N S,

— 2 —



-~ NNH2D o NDCN -~ N¥E®D . NHED

Wy o e = OV AT aoN w 3 =wWg ¥
1 SMAHS l.N'L-H‘N ’ . 2 3MNH$ 2 MH‘Z

CRORRIAE LY

MNHS MDCN QNH3 QD(’)N ’

NED ymew = QT ey =T (7.12.1)
N¥EY NED Qs (QEP v
N N = gwin Qu = T (7.12.2)
(7. 1) Bo(7.12) 6k X E %,
— -
;1 = fél—"'u ] :“‘,:;2» =Ty (7.13.1) (7.13.2)

Ctm@m%m%kNm%@%@@ﬁf®OfZ%®@%m&Uu@E?%m%%yvfv
NBEARTEEEBC L TSR WET 3 Urey ORE L K453T-OBEMOSTEI » & B
BB DT o B 0y 1 0y RO 0s OEMEN S (1.1 10k TR S 4L, #DC
Uyeo 3(7.9) 1T L OTHEBRE BN B

YLEOHFRERO ZOOFEO LI Lo T\n %,
A) oy RO 0y GIRBERTEICIEE, T (e) B0 (1) OHa 1T T b o
B) D QAT KEHFREVKRFFOHTH B, ’

A) OFHRETE»LEL AN TR CERERTPSES N BBRILOLE & £ 5
T HEL KO BT % DOl b & 3eb T BRI E T 5O £ W 5 BEBEOR
Wi Bo T BT\, T 0T & BRI S VIR D EERENC TR S s Y
TAFHWR LN B L WE TS Lok s, .

B) & NH, 7:-07' -H" @RG s cHEO HY DB EEE RS X 5 mae iR
Tl By C OYAICEEHFBREOKFEOMTIFRCBOE STV D EBEEE DO T {4
& U CHEE R CE S T TR B '

E T OREBFETC X 5 HON 33 Hy & 0% - AR E O EE T 2 358 HEdRkiss
B gEfch o EwN X 0 FEL GERAEECE NH, D i X o CERERIC D 4L
&L CEROHR L BRBCHEIET 2 T L5 HA S,
BEL 2D EICERECE 2R FEIC LD, CORBMFICLOT NH,D 93 E N 720 F
HON 2 EEACHOTEILETER 5T Vo
§8. [IEMRED 5B 5 2 RER -3

MRIERRE S F H 35 NHy; O &8 HT 28 O RE S OBREN O ZBEFOKERT

KWk (5), §30RW
11) Okamoto, Horiuti & Hirota; Sc. Pap. Inst, Phys. Chem. Res. 29 (1936), 223



W ER AR OB

O, #BEo 10% ND, ciifgo H ¥ D L5e2E#L <kE, RaBRAT CHEOKW
NH, c%0 Dkl TEBET s L kO TRBICED BB

AHAVEESIE ), BHAFOAKERTENc 0Bk c2 L E, §2 0FEi#E:SHERIC
BB sk ofERssBIH a4t 2,

BARCH 2560 HY OB 64 L v kx 2oBET (L 1R2)oRT I & Eits Grm
ﬂ;’ SHALC T wEENS

el

gox =¢ é’@ SRR EORBECHT AR ) EECEBRaE R FLT sk

HHEH 2 oTc1.12) ek b Tk p =15 LCTROMHLENN S0
ek

I=E.!:}£T,,GG”FT (8.1.1)

— 5 I, III \c gt (4.2) O o kitic oW tiR, (3.9) kv 4.8. C) Xk ko

BreExbah s,

N3 100C,?

IT, IIl, = pII,III,, 'y = oo
o 1Ay = o I1o ITTof Co= O) = (i oy 11 (141,

')(OrC) (8.3 .1L.1IT)
woc

®
8
50*

é T NS 1000 ¢
Uo=1o [0 Iy = 5 G s g 1147, (1 ~_0?> (8-2)

k=113 6.2tk b C/OERCT 2 UOERAEBIGEROWMIED SN 2,

og U 2dlogQ¥3 dlogQ®°
'3 —_— — —_—
R1 ( o1 Joje = 2BT + e5x— RT —— 1T 2RT? AT
el log (11 )
+ 3 RI* ( 790 3-70’) — R1? 3—99—(9—1—,1“1 V) (8.3)

N,y G BRI 5 B kO 4 TR b ZaﬁxB,RT“dh;gTN‘m —RT 5o Q¥ S5 R

DHOERETD 505 & O F BT H ko REEF x NH; FwC0 O srTHE
B AHEEC I WCEHIE 5L 5 Co 3 HIUROFEEEOTEED S (4) 1k b AEBETH
M b 5o RT? %9”;*0 & S 4 ORI I 5 1y DRk AEEEC R TR S € kic ko
TR BN B fEoC (alaog, )0/0 OBWIE S o PIHE I B,
CDERCHOHI M E 8.3) CANTHHE SN Uk §2 OMESIEL WIED 4 &

%ﬁmé@ﬁ&K%MTE%ﬁM§ﬂk%@&~ﬁuﬁwﬂﬁﬁbmo

12) S PRPMEIR 20 (1941), 264
Abe; Sc. Pap. I.P.C.R. Tokio 38 (1941), 287
*) USRS T 2 BRI T TS HY 2380Tl|{b v 7 6 1Y, Bl Tl o 2akRR T
LR T, WA HIERoFG T ES,
13) NG AR, 2221
**) §5 XU, - orEmE iz LC Nr 8% TT ) O d {RITH 5,

— 23 —



	1001254.tif
	1001255.tif
	1001256.tif
	1001257.tif
	1001258.tif
	1001259.tif
	1001260.tif
	1001261.tif
	1001262.tif
	1001263.tif
	1001264.tif
	1001265.tif
	1001266.tif
	1001267.tif
	1001268.tif
	1001269.tif
	1001270.tif
	1001271.tif
	1001272.tif
	1001273.tif
	1001274.tif
	1001275.tif
	1001276.tif

