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Hydrogen_chlori_de and Ammonia

by Yoshio ‘Okayama

1st Report
The reaction between HCIl and NH; was investigeted qualitatively by
Baker and Tramm, who found that no reaction occured in case of intense
dryness. The author tricd to measure the velocity of this reaction to
ascertain its mechanism, which has not yet been elucida.ted. In spite of
his endeavour to dry the gases completely, howaver, the reagtion went too
rapidl'y to be measured in any ordinary way. A special  photographic
method was therefore adopted, a spring manometer being employed for the
measurement. (Fig. 1)
This reaction can proceed only in the presence’ of mbiéture, énd the
direct combination ‘ X
1) HCI4+NH;—NH,Cl
is impossible.
It may proceed: —
2) NH,+HCI. H.0—NH,CI+H.0
or 3) HCI+NH,- H.O—NH,CI+H.0
The formation of HCl-H.O was reported by Side?, but that of NH:

H.O has not yet besn snnounced. (See 3rd Report.) -

% Sidei; Prodeedings in Physical chemistry, Lyoto, 429, I, 1927,
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The concentration of HCl.H.0 or NH;-H.O will be assumed to be
proportional to that of HCI or NH;, nemely (HCIl- H-O)=K,(HCI) or (NH;-
H.0)=K:(NHs,).

From tks experimental results, the velocity constant, # (namber of
molecules formed per c.c. pe.r sec.), is given in Table III, calculated by the

second order equstion
dz __
=
where c¢—ax=mol/c.c.,

K(HC)(NHz)=kc1—z}ca—2)

and the values are nearly constant.

Comparing this with the kinetic equation,
E

2103 1 1)e BT ) e—
g N ~/87zRT(MI+ De ™ (-ae-2)
dt N
we have then the heat of activation:

E=10140 cal. at T=298.5", and this is possible for this reaction.

If the reaction proceeds by mechnism (2) or (3), assuming no heat of
activation in this case, the concentration of the complex molecule, HCI- H,O

or NH; - H,0, will be calculated as
E

Ki—¢ BT =2.10-3
Thus it is the presence of a small quantity of HCl- H.O or NH;- H;0

that causes this reaction.

2nd Report
The author continued the investigation to confirm the results given
in the first report and to find the effect of temperature and other materials
added to the reacting system upon the reaction velocity.  The experimental

results at the room tempersture show that the reaction velocity satisfies the
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velocity equation of the second orcer:
dx

dt =I:(Cl—‘37)(03—'-’t) ...-.-...................-.-..-..-..............( 1)
and does not satisfy that of the third order:
(Zlat: = (er—2)(Cem BT rreveerernesese st s (2)

The deviation of the velocity constant in diff:rent experiments seems
to eome not from any difference in temperature but from the quantitative
difference in the moisture contained in the reacting gases.

As to the influence of temperature, the experimental results are given
in Table II, these data are not enough to enable us to calsulate the tem-
perature coefficient, but they do suggest that the heat of ativation does
not exceed 1500 cal.

To examine the influence of the moisture, water vapour(10-¢—10-*mm)
was added to the reacting system, and the velocity constants were measured.

Assuming the reaction mechanism given in the first report to be cor-
rect, and putting the heat of activation as 1500 cals.,

2) NH;+HCl-H.0—NH.Cl+H.0

The concentration of the complex molezule HCl- H-O or K; was cal-
culated as given in Table III.

K,(10) are the values which are calculated from
given by Sidei.

K, is greater than K.(10). But we can not on that account say
that the mechanism given for the reaction is incorrect; for K, must be
smaller if it is taken into consideration that the moisture is contained in the
gases from the beginning ; and K,(10) must be greatsr because K¢, got by
extrapolation, seems to be somewhat greater than the true value of K¢ at

the room temperature.
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When the reaction velocity wasmeasured after putting glass wool intd
thz reaction vessel, the velocity constant of the third order equation became
constant, while that of the se:ond order equation did not. (Table 1V)

The author investigated also the nfluence of air upon the reaction
velocity by adding it to the reacting gases, and found the existence of an

induection period in the reaction.

3rd Report
It is important to learn the equilibrium of the following reactions,
NH;+H.OmNH;  HoO ceveeerrveerenversnnnnnnnesssneninnan( 1)
HCIHH.OT="HCL - HoQ  ceeveeeererenrernssecensossssenneninn o 2)
in order to clarify the mechanism of the reaction,
HCl+NH;—NH,CI

The author, therefore, investigated the equilibrium of the said reactions
below 100°C, by measuring thz deviation of the pressure of the mix:d gases
from that required by Dalton’s Law. )

Kc of reaction (1) and K¢ of reaction (2) ard given in Tables V and
VI respectively.

The conclusion reached on the basis of these results is, that as the
mechanism of the reaction

NH;+HClI—NH,C],
the following two reactions will occur simultaneously, with some possible:
difference between them:—

NH;+HC] - H{O—NH.CI+H.O
HCl+NH; - H.O—NH,CI+H.0

In conelusion, the writer wishes to express his sense of gratitude to

Prof. Dr. S. Horibe who has given him his kind direction and advice during

thasz investigations.
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DOREEIZ S WT B LA Eid Tramm 203 OHTH 5o 4 b IMEICHR LA
HCl RU° NHs ZiRfh ¥ Lid7eds, RIEDR D HERBO hdDre, MEAMTICER
YRR REY BT R ZD /0 TH D,

—gicmbhThHBm{ HC & NH: : ¥iROTHIT, GcREXELT
NHCl ¥4 5F20TH 535, FHEDHRIC X T HCl R NH; 55 &2
NTHZHAREF LR LALVWEICE 2,

NH,Cl o#sicBl+ 2 50\ R HE BRI LT H D, HALRANEOB
RHOLITERREWETH 285, ARV TIZEERFRS R W 5o

1) Baker: Jour. Chem. Soc. 63, 611 (1894)
. 2) Tramm: Zeit. Phys. Chem. 1035, 400 (1923

—C5 #—
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B (HRic Lo

HCL 12 NaCl ZUTRBeREL b B L b RICBBERX Fic RS E 7
2R DOREGECY 2HHHBLABE LD TR LBV bOE# —110C {fific
BRI L Do FEEOHME NH: 0BA0m L TELX Itk b THE,
BEicHEEC T ZESH LTHET 281 Lk,

HF-RIERKE O ERS L RTHETS 2,

G 2 kLo a FEccHEHE LA HCl oOAZGHETd %, HCl offins
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T2 REELTTIZ LD B C L2 ERENWT S #0 HCl ¥ REERICHAE
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rET, RiEHERE NHC 04Bomibic L0 RKIBICRS T 5
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(94D (MmEH) BWEAERFI7 Lx=T7ORMIHMT 5% 064

TABLE I
Temp. 16.5°C

g P Puct PxHs aPlaz mX10-18

0 20.5 205 40.553

0.5 1577 18.135 38.188 4.73 15.9

1 10.25 15.375 35.428 5.52 18.55

2 475 12.625 32.678 2.75 975

s 0.26 10.280 30.433 2.85 755

4 — 3.36 857 £8.623 1.81 6.1

b — 635 7.075 27.128 1.50 5.0

6 — 87 5.90 25.953 1.175 3.94

7 —10.6 4.95 25.003 0.95 319

8 —12.35 4.075 24128 0.875 2.93
10 —14.25 3.125 23.178 0.475 1.59

2 —15.7 2.40 20.453 0.363 1.22
15 —17.0 175 21.803 0.217 0.73
20 —1838 0.85 20.903 0.18 0.61
30 —20,0 0.25 20.303 0,06 0.20
) —20.5 0 20.053

TABLE I
Temp. 16.8°C

T P Pic PxHs | aPlaz mx10-18

0 12.4 12.4 35.633

0.5 10.6 115 31.653 1.8 6.5

1 6.8 .5 32.753 38 12.75

2 19 715 30,3C2 2.45 2

3 - 1.2 5.60 28.753 1.65 .2

4 — 34 45 27.€53 1.1 3.69

6 - 70 2.7 25.853 0.9 3.02

—(E fO—
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(Rl BEARANT L==TORMBETsHFE G—H) (%)
8 — 8.6 1.9 £5.063 0.4 1.34
10 — 938 13 24.453 0.3 1.00
2 » —10.76 0.82 23.973 0.24 0.815
14 —11.36 0.52 23.673 0,156 0.5C5
20 -122 0.10 23.243 0.07 0.255
© —124 0 23.1563
TABLE il
Temp. 17°C
< P Puci Pxnus aPlax mx10-16
0 174 17.4 36.86
0.25 151 16.25 35.71 4.6 1425
0.5 12.36 14.88 3434 5.48 18.2
0.75 9.23 13.315 32.775 6.26 20.8
1 6.30 11.85 3131 5.86 19.62
2 0 8.70 28.16 3.16 10.56
3 — 33 7.05 26.51 1.65 5.55
4 — b5 5.96 .41 11 3.69
6 — 89 4.25 2371 .85 2.85
8 —11.45 2975 22,435 0.637 214
10 —13.43 1.9856 21.445 0.495 1.66
12 —1416 1.42 20.88 0.283 0.94
15 1575 0.825 20,285 0.1985 0.66
23 -17.15 0.125 19.585 0.0875 0.295.
® —17.4 0 19.460
TABLE IV.
Temp. 18°C
H P Puc Pxys oPlax mx10-16
18.55 18.55 33.32
0.25 15.8 17.175 31.945 5.6 18.3
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(96 ) (Bliliks) S KERCNT 2 e==7 OB T 500% Gs5—8H

0.5 11.66 15.105 29.875 8.45 282
1 5.0 12,025 26,795 6.16 20.5
2 - 23 S.125 22.805 3.9 . 12,0
3 — 6.2 6.178 ! 20.945 1.95 6.5
5] — 97 1.425 19.195 0.875 2,02
7 —12.15 3.200 17.970 0.612 2,04
10 —15.4 1.57 16.345 .54 1.S
12 —16.6 0.975 15.745 0.3 1.00
15 —17.4 0075 15.345 0.133 0.44
20 —18.15 ¢.2 1497 0.075 0.25
© —18.65 0 14770 -
TABLE V.
Temp. 19°C
: P | Puc Pxis &P/as mx10-16
0 20.6 20.6 31775
0.5 15.0 17.8 28.975 5.6 18.65
1 6.2 13.4 24.575 8.8 29.30
2 — 316 872 19.895 4.68 1440
3 — 6.6 6.87 18,045 1.85 6.15
4 —10.0 5.30 16.475 1.57 5.2
7 —143 315 14.523 0.716 23
9 —16.0 2.30 13475 0.425 1.42
14 —18.6 1.00 12.175 0.26 0.87
2 —19.9 0.35 11.525 0.081 0,27
@ —20.6 0 11.175

B EO#E

HCl & NH; 3ECHBEEAMTo 3, Bic NH; (e b TiIUBOETN
¥ LTH 25 b HCl R NHy 04 F 330 R ROGEEEER+ 2058, fee~

— & Ho—
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CIBIPeH) Bk RARN 7 22 =TORECHTAFLUE—H) (97)

AT R BT HEATRECH 2iC LT, ZHSEBIECEZHHR
HCl B¢ NH; £T-OfHEIZ L D TREYE LIS~ L & 8T 2 TS RmT
REWV,

YR 71 Baker, Tramm 5O EERT X iUE, HEOHWAXSWARELILTH
B2, HCl Jkor NH: 3 REXE LA ICRRCST¥RERECHEZEA.
Fr G CHATE A, BCBEOKFOTS, KECHT DL EEICo B,
BRI IE DRI OKSHITE D BT T HBHTHEL TR oML 27
BTHEWE, KBEXOMEbDOTH LS5 & BIEN%,

Vet HCL & 97t NH; & ORIiCIE 23k ~7cin{ Rom2 RIEIZR L L v,

HCl4+ NHz——NHCL e vevseevsenesseesccsnnncnsessnenniene (1)
F LR oksts HCl iz NHe SHcfiET 2R bk ekom2 L
BIE2LDLDTHBE o
HCl+ HoOT—HCIHLO reeveeverensenmmuenceaunenencensnsncconnen(( 2)
NHz+ H O NHp HiQ rerirneorasrenmsssnnnonininiissiinsninn (3)
fiLT HCHHLO Of¢feiMEIRIC X D THIC b, JLoM%E LTidx
OME bOBR~LNTL B, S
H\O/H
¢’ N\H

SHUTHE 5 NHeH.O OFFfEC DT 2 RAEHTR 2 T h i Wik T b 5 25t

DHEERXOIME LOTH 55,

H
[—H— iI—H]+OH-

3D MFIER HMLROMEY, % 429
9D AREBE=H

— G f)—
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C98) (M) WEAERCT 2 ==7DREI-BT 0% (G~

fiLT NH,Cl o4zt HCIH.O X it NHoH.O #EEAGsLil
THRLIDTEEVWHEBEL BN D,
F. London [2{LACBILTRTHEL ) —o0Mik M LTHBo AL XL
IEET-Oif1z it Coulomb oMl X 2HIIMEN & BT HE Lo oFERA
BELERYLLTHDERLDOTH 3, BHAX L 2EBIE (LA HOST- O
EIL Y Z5=0RT-HEE L THR DM AX O5T-NOFHE B b
DT 5% bl HOFHENILEED b 2F RS T ORI MRT 2 ICE D00
LT Y L3FETFHRILDSTICIETRA &L TR YT 2 8F LamMeEAs
TI5TONBOYELHACALTI00ENI Y VI E2HAIIE Y 2
AX CH SR T AR 2 OHRITINITB Y XRORESR S,
AXF Y AY FX creerserarerniecseressssrisecnsssssosssnsnnssesses (4)
RO ERETEAIL, WOREORERLT 7 AU BBRRETS 2L b1
A LY roMioLE# AX OSBRI YKRTD DN, LOREHELITES
2TADTH D, M LT (4) x5 RIERIEBIE LA HOBE TR TT bASickE
VHADDOTH %o NPLHBEILABIT SV TIRIWEOZRLLE Coulomb 051H
BHBCEH L BRI —-BRERFBCEIVBLEI LT R bR v, BAOEERR
HCl ¥:¢¢ NHs oS4 THORETS 555 London OROHFAEIROTHS
HNE (D) one  HCI+NH;—NHCl RO OREE X D $ROu 2 KK
DOHHHY B B3,
NH; +HCIH.O——NH,Cl4+H.O -+ crovvrrsessenmaenniasnsnancss (5)
ik
HCI+NHyHoO——NH,Cl 4+ H,O e rerrtensecorcscnstosnecnssenes (6)
TR RWT B R EEOHFHBRBIDOTD 54, T (6) 5 2 XEDH 438
ZOCH2H, REHOREICRERISOTOLNENHKRCRIPIOTHS

5) F. London: Zeit- Elektrochem. 33, 552 (1929)

— H—



MEILFEDES Vol. 7 No. 2 (1933) .

G is) BEABRALNT 2==TOFBEIZHTsHE Us—H) (99)

i3, HCHEE T e RUEXEBEFrRFLIOTH S,
T HCLH:0 iz NHeH.O % 24T Hitzh€n HCl iz NHs 04T
PTIERIT 2 2 LT R, #i
(HCI-H-0)=K,(HCI)
(OH»H.0)=K:(NH,) }
FELREXR (G) h 2 RERIC X OTES & 51T, ORMEERIIHOME

23,
4 L (NH,) CHCIH.0)
=NH,J (HCD B=R"Ky seerecsertsencsonnrarssnne (8)
JEkic KD (6) RICHEDTE D b0 & T i RESEER 2K 0in ¢ Kix
2B,

o LCHOD (NHeH:0)
=£7HCD) (NHq) 3 NG SR ¢ 1))
FLEES BIRNE (B XL LtE>TRRICES O TH 2 5 b o REHE
FERRHOM L T %o
4% (HCIH.0) (NH;J+"(HCL) (NH+H:0)
SICHCIICNH)  B=kKy b B7Ks weeerseerernne 8"
SMEHEORZBIC ST 2 HCL N oifErxom iz +o
(HC=(e:—2) |
(NH)=(e:—2) J
BLURBEORER 1ee. thoE Al UTERIZ T, RbXEERRIXOmMIC

7z Do
_‘Zl’:____k(cl_z)(c,_._x) ............................................... (9)
. 1 aee=2) e
. = Ko—e) n c;(ﬁ_z) .................................. (10)

— U —
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C100) (ki) WEAERNT7 2==7 ORI INT 2% % (I5—HD)

~—

(10) @ £ 1% 1ce. tp HCI Brx NHy fi—e o udb D 0E—F I F2
NH.Cl o= AMERT WAKICHTEBENE £ 12100k ek Liekiic N
(Avogadronumber) ¥ :13 7 § D CH#: DT lee th—=n3 HCl B NHy 3
{HES DHE— ﬂﬂﬂluifﬁ(ch/ NH‘CI DHETFERAFERZLTHD t EFITD

DTHEE liﬁ*’c" Do 2&4‘ I 1L HI -------- DHFIRFIRDOE—FK, WK%
FHRICMET2WETRLTHD
TABLE Vi.
£e10-30
£x20 1 11 111 v v

0 — —_ — — —
0.5 — — 1.65 2,07 —
0.5 1.36 0.94 1.93 2,86 213
0.75 — — 2.95 — _
1 1.64 1.64 249 5.20 342
2 1.46 1.85 239 3.35 3.86
3 143 1.83 2.15 3.16 350
4 143 179 197 — 246
b 1.44 — — 2.69 —_
6 145 1.90 181 — —
7 1.46 C— — 243 3.06
8 1.49 157 178 —

9 — — — 293
10 140 1.33 1.83 2.63 —
12 141 1,70 2,03 2.66 —
14 — 1.72 — — 291
15 1.34 - 1.84 2,68 S
20 1.37 1.91 — .78 -
22 — — —_ 313
23 —_ —_— 21 —_ —
20 1.35 = — - -
WYy 143 1.74 2.04 277 .16
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(RILFHE) BERERCET re=7oFEICEBTIHE GB—8) (101)

E oWy R ERTH O TR ZRKMNCTRIHEL VIR LTH B,
I 1382/iBEH: 165°C, 11 12 16.8°C, 111 i2 17°C, IV 2 18°C T» b V 119C
Td5b, F OMBMHLEEOERCHLTIEERERE RO LTH S, LIZE
it T b@fa(Ltﬁ%mﬁinrb%ﬁiomﬁoﬁimlaig
LRDHIETHL 5,

@)hazﬁmgﬁumm%mmﬁm%7%ouﬁﬂoﬂ(

‘fh =Na,? ~/z;nRT( T )e T i) (er—z)N-(11)

=k(ei—z)(e2—2z)

(11)xep o : HCl TR NHs $TF-0484E0Mm
M, M.: HCl R NH: of5TFi&
E : Wl v~

T

k=N%¢,2* ,\/8, RT M + 1 ) e [N ceveneeene : ....... (12)

NrdlesttRT(_%‘-__*___l__):Z ....................................... (13)
EFhUE Z 12 Lee sh HClL, NHy #i—® A 55fi7eT 2 B —Bicogse 3 2 E
7)1'3'0 a(v-(ll):litl b

- ~-E_
F=Ze RT cecsvrcsrnssniinnsimaninsessseisanisssssssnsnsansacsonans(14)

CLz7e 2 O DAL BOTE YT 2 E5H3K 2, IIb
T=989.5" ICRWTIE
F=1.43-10%
ol
b=%N7w3

2RI DI L, b 12 van der Waals ©
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0 — — — —
0.25 — — 353 465 —
05 2,59 6.02 3 4.03 499
075 — — 2.85 - —
1 2.8 4.69 2.64 3.51 5.17
2 1.63 3.92 231 3.04 2.04
3 1.87 3.62 e17 2,84 2.05
4 1.82 347 as1 .63
5 142 — 2.98 —
6 1.63 273 2:00 - —
7 159 — — 33 2.5
8 1.3 347 293 —_ —
9 — — — — 279
10 1.63 318 o7 3.04 —
2 158 3.26 293 3.11 -
14 — 3.26 — — .05
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