MELEOES Vol. 7 No. 2 (1933)

On the Reaction between Hydrogenchloride and Ammonia
by Yoshio Okayama (8)

i

On the Reaction between

Hydrogenchloride and Ammonia

by Yoshio Ok ayama

1st Report
The reaction between HCl 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 elucidated. In spite of
his endeavour to dry the gases completely, howaver, the reaction went too
rapidl'y to be measured in any ordinary way. A special | photographic
method was therefore adopted, & spring manometer being employed for the
measarement. (Fig. 1)
This reaction can proceed only in the presence’ of mbiéture, and the
direet combination i
1) HCI+NH,—NH,Cl
is impossible.
It may proceed: —
2) NH.+HCI - H.O—NH.CI+H.0
or 38) HCI+NH, - H.O—NH,CI+ H.O ;
The formation of HCl-H.O was reported by Sid:i. but that of NH;
H.O has not ytat bean snnounced. (See 3rd Report.) -

* Sidei; Prodeedings in Physical chemistry, Lyoto, 429, 1, 1927,
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The concentration of HCl:H.0 or NHi-H.O will be assumed to be
proportional to that of HCl or NH:z, nemely (IHCI- II.O)=K,(IICl) or (NH;-
H.0)=K«(NIH).

From tks experimental results, the velocity constant, # (namber of
molecnles formed per c.c. per sec.), is given in Table III, caleulated by the
second order equstion

-—%-:K(HCI)(NH;)=&(¢:—::)(ca—nr)
where c¢—a=molfe.c.,
and the values are nearly constant.

Comparing this with the kinetic equation,

B
S Py G W
dz '—N d'l. JSM.RT(MI-{- Li)e
dt N
we have then the heat of activation:
E=10140 eal. at T=298.5", and this is possible for this reaction.

(a—z)(ez—2)

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 NHs« Hs0, will be calculated as
- F_
Ki=e BT =2-10-%

Thus it is the presence of a small quantity of HCI- H:0 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 :

{éat' =k(g]—gr){¢-:—_1-) A T T S XL TRTY T PRSI I | 1)
and does not satisfy that of the third order:
-(;—j=k'(81-—1'»)(02—21)z ........... verreenimsrenensesrenssermerannee( 2 )

The deviation of the velocity constant in diff:rent experiments seems
to come 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 veloeity constants were measured.

Assuming the reaction mechanism given in the first report to be cor-
rect, and putting the heat of activation as 1300 cals.,

2) NH;+HCl- H.0—NH.Cl+H-0

The concentration of the complex molezule HCl« H.0 or K was cal-

culated as given in Table IIIL.

K.(10) are the valoes which are caleulated from
Ke= Csicy - Cuyo
c= —"C—'
HCL® 120
given by Sidel.

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

the room temperature.
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When the reaction velocity was measured after putting glass wool intd
th2 reaction vessel, the velocity constant of the third order equation beeame
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,
NHs+H O NH; - Ha eeveeevesrseneecminmnnsssssssninen (1)
HCi.{.I—I_D:’}IC’l. I’Igo S ...( 2)
in order to clarify the mechanism of the reaction,
HClI+NH.—NH.CI

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

Kc of reaction (1) and K¢ of reaction (2) ard given in Tables V and
V1 respectively.

The conelusion reached on the basis of these resulls is, that as the
mechanism of the reaction

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

NH.+HCl - H:O— NH.CI+H.O
HCI+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 kiod direction and advice during

thesz investigations.
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1) Baker: Jour. Chem. Soc. 65, 611 (1834)
o 2 Tramm: Zeit. Phys, Chem. 105, 400 (1922
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TABLE |
Temp, 16.5C
% P | Puci Pxns aPlas \ m X 10-16
0 20.5 205 40.553
0.5 15.77 18.1%5 33,188 4.73 16.9
1 10.25 15.375 35428 552 18.55
2 4.70 12625 32.678 276 8.75
3 0.26 10.280 30.433 2.25 755
4 — 3.06 8.57 28.623 1.81 6.1
b — 655 7.075 27.128 1.50 5.0
6 - 8.7 5.90 25.955 1175 3.94
7 —10.6 4.95 25.003 0.95 319
8 —12.36 4.0785 24128 0875 2,93
10 —14.25 3.125 23.178 0.475 1.59
2 —15.7 240 202.453 0,463 28
156 —17.0 175 21.803 0.217 073
< —18.8 0.85 20.903 0,18 0.61
30 =200 0.25 20.303 0,06 0.20
© —205 0 20.053
TABLE |l-
Temp. 16.8°C
T r ’ Piic PxHs ‘ aPlaz mx10-18
0 Zed 124 3533
0.5 10.6 115 34.653 1.8 6.05
1 6.8 9.5 32.755 38 1275
2 19 715 30,363 .45 82
3 - L2 5.60 28.753 1.65 5.2
4 — 34 45 27.€53 1.1 3.69
(1] - 7.0 27 25.853 0.9 3.02
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(EihiE) WARAR7 L==TORMIZMTIHE (G—M) (9)

8 — 8.6 1.9 25.053 0.4 1.24
10 — 98 1.3 244563 0.3 1.00
12 v —10.76 0.82 23,973 0.24 0.815
14 —11.36 052 23.673 015 0805
20 —122 0.10 23.243 0.07 0,955
@© —124 0 23.163

TABLE Il
Temp. 17'C
z P PuOy PxHs aPlas mx 10-18

Q 174 17.4 36.86

[18:4] 151 16.25 35.71 4.6 1425

05 12.36 1488 34.3¢ b5.48 18.2

Q76 9.23 13.316 S2.775 6.26 20.8

1 6.30 11.85 3131 5.86 19.62

2 0 8.70 23.16 3.156 10.56

3 — 33 7.05 26.51 1.60 5.50

4 — b5 5,96 2541 1.1 2.69

é — B89 4.25 2371 .85 285

8 —1145 2.075 22,425 0.637 214
10 —1343 1.985 21.445 0.495 1.66
12 —1416 1.42 20.88 0,282 0.94
15 —15.76 0.855 20,285 0.1985 0.66
23 —17.15 0.125 19.585 0.0875 0295,
-] —174 0 19.460

TABLE IV.
Temp. 18C
< r Puey PxHs aPlas m%10-18
0 18,55 18.55 33.32
0.25 15.8 17.1756 31.945 5.6 18.5

| f—
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C96 ) (B BkERNT +e=T7OKE T 58k (E—#)

0.5 11.66 15.105 20.875 8.45 282
1 5 12,035 26.795 6.16 20.5
8 - 23 8155 22805 3.9 . 13,0
o) — 6.2 6175 | 20945 1.95 65
3 — 9.7 4.435 19.195 0.875 292
7 —12.15 3.200 17.970 0.612 2,04
10 —15.4 1.57T 16345 054 1.3
14 —16.6 0.975 15.745 0.3 1.00
15 —17.4 0.o7H 15.345 0.133 0.44
20 —18.15 0.2 1197 0.075 0.25
o —18.565 0 14770 -
TABLE V.
Temp. 19°C
: P | Pne Pxny aPlaz mx1)-16
0 20.6 20.6 3L775
05 150 17.8 28975 5.6 18.65
1 6.2 13.4 24.575 8.3 20.30
2 — 316 872 19.895 4.68 1410
3 — 636 6.87 18045 1.85 6.15
4 —10.0 5.30 16.475 1.67 5.20
7 —143 .10 14523 0.716 23
9 —18.0 2.30 13475 0,425 1.42
21 —18.06 1.00 12175 0.26 .87
o8 —19.9 0.35 11525 0,081 027
© —20.6 0 11175

R B O # %

HCl & NHy $36Ic ffRELAMTS 2, Bhic NH; i ) TR ETN
¥4 LTH S5 6 HCl B1X NH, 04T 55l R BEGsiEn+ 2082, i~

— (R #)—
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F. Londor? BISGTEBLTRT IR V) —2cHREILTH D, Fhicth
LERT-DRGA-T I Coulomb DM X 2HEMN & BT HE EOITOLERA
EERKRE L LTRSERIOTD 5, Bib AX R 2 BEMHESHOR T O
S Y =0 THEE L TR AX OG- FNOFEHSEBITES b
DCTH 57 6T, HOHANITHD bILSFHESFTMOHBILMERT 2 CHE D 40
L< ¥ LaRTHIOSTIBRCA LT 2B ERZT 205 LamEis
T4 TORBOYRLBFETLALTE00ENL D ) EDHFCR Y A8
AX CHMHEL T ARA 2 OHRRBIHCR IROREIR S,

. (4)

HEROFTHETE I, UWORBORERL 7 AU LBREKETO 2L 51X
A LY rolljodi#s AX OGR# I VATH 20, EORBLSFFHITES
ETADTH D, MLT W) 42 REREMELAHOEBACRTT OELTE
V{32 DTH 2o MOFHBHALAM S WTRILWOREELLE Coulomb D55
B H L BRI -BRERAESCEIBETLE LR B v, FAOESIZ
HCl #¢* NH; 04 FHORETS 235 London OROEALRZROTHS
2% (1) o2 HCENH,——NHCl @GO RIEE D bROL) 2 KK
ofirih & Bk d,.

NH, 4+ HCIH.O—NH.Cl+H.Q roevevermvernmemionissianasesn( § )
2z
HCl4+NH; HoO——NH.Cl4 HO eeenrrrranimnranacsisnnansnnes (6)

AP HWT B 2 BEROH3BZOTH 2, 2 (6) X2 REOHAHE
BZOCTHDh, REHOMEICRERISOTOHNEP TR YBIDOTDHS

5) F. London: Zeit. Elektrochem. 33, 552 (i929)
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C100) (PgH) BMEAERN7 L+ ==7TOREIIET 2R (—H)
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(10) %0 % (£ lee. th HCl %78 NHs i—2 a8 5 BE—FNIC % +32
NH.Cl oerfienid, BAFCHRTHEEEE F 210050 b ety Liefic N
(Avogadronumber) ¥ 421372 4 D C#E2T lce fi—=en% HCl K7F NHs 38
etz %“¢Wh%&cﬂ6NH£l®j%ﬂ&&PL* Do ! IXEERITSD

LB TS B, Heh L, 1L ITT o DT REEROL—K, B_HEFD
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TABLE VI
ke10-%
%20 1 1I 111 v v
0 = — -, == —
0.5 —_ —_ 1.65 2.07 —
05 1.36 0.94 1.93 2.86 213
0.78 — — P — —_
1 1.64 1.64 249 320 242
2 1.46 1.85 239 355 3.86
3 143 153 2.15 316 500
4 1.43 1.79 197 —_— 346
b l.44 _— —_ 2.65 —
6 145 1.90 181 — s
7 1.46 —_ — 240 3.05
8 1.49 1.7 1.78 — P
9 —_— i — — 293
10 1.40 1.33 1.83 2.63 —
12 1.41 1,70 2. 2.66 -
14 —_ 1.72 — — 291
15 1.34 C— 1.8 2.63 —
20 .37 191 — 2.78 —
pi] — —_ —_ —_— 3.13
bl — — 21 —_— —
30 1.35 == —_ — —_
Ry | 143 L74 2.04 297 515
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