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The Reaction betw{veen An‘l_%‘nqnia and Cg_rlgg_n Dioxide. [I]:ﬂg :

: By - :

" Takeko Yoshida. N . "al
.'a Abstract,

14 It is well known that a trace of water vapour exerts a very marked influence upoh thd .o

rogress of chemical reactions. In our laboratory Dr, Okayama' investizated elaborately the
action of 1,0 on the reaction NH,+FHCI=NH/I Itwill be interesting to see how ILH o )
{L». in the reaction NH,; with CO,M%, exactly analogous to the above reaction. Under Prof T
. Horiba's kind guidance, the present author investigated the reaction from the standpoinf of
chemlcal kinetics. o
Experimental Results : (1) It was qualiiatively found that dryness of the reacting gases g
influences the reaction velocity so much. (2} While the reaction is stoichiometrically of the
third order, it proceeds in realtiy as a reaction of the second order. (See Tables 1-9) (3) It
was also found that this reaction has a negalive temperature coeflicient. (See the Tables and . 3
Fig- 5). - 3
lfgollg Lhese results, the following reacliop mechanism is assumed : . g
NH;+H,O2NH3;HO oo eenea. (3) He
"'
) NHy [LO+C0,2 co<%ﬂ FHLO oo, (b) ;
o

" kAt L. +\m,,—(,o<OVH .................................... ©

Iof, from result (1), it may be assumed that walef takes part in this reaction forming g cgin-
p!ex, NH;H.O, as in the case of Okayama, and result (2) points out that the reaction must e
a consecutives reaction. .
SJOT thesg reactions, the equilibrium of reaction (a) is established so readily that-it alua\a
esists during the progress of the reaction. Further. it ha3 beeil found that at tefnperatures Iom:rﬂ
than 0°C. reaction (¢} is irreversible. ‘Therefore, this reaction velocity will be very rapid cnm-
pgreﬁ with that of reaction (b), especially at lower temperatures, and hence it may be said that,
the reaction velocity measured by the author will be aftributed to reaction (b). Thus, it™is e
explained that the reaction proceeds in the s:cond order at low lempsratures. -yt
Now how should the negative temperature coellicient be explained ¢ The velacity constant
of the second order reaction (b} is theoretically given by the following expression : .

9’1 fes=Z[H.Ole,el@-FURT ; -
where % is collision numbers between 1 mol of NH, and that of CQ, in 1ce, ¢, is a constitit, A
Q is thé dissociation heat of NH,H,0. Here the energy of activation F should be small, e
because the reacton proceeds considerably fast. Conssquently (Q-E becomes positive, and it
confirms thay thie reaction should have a Tiegative temperature coefiicient. The author experi-
menml{i found Q-E=69s50 cals. . y
From London’s theory", taking ¥ Jas a seventh of Q, which Was estirnateld af 7610 cals E
from Okaydina’s experiments, we have ()_-E=6523 cals. This calculafed value coincides tole-
robly well with the author's experimental one, which justifies the author’s assumption.
Kyoto Imperial University, Nippon. July, 1936.
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BiEica Az NH, Ko HCLDY NH, BT CO.» NO BRUO, " Foili St I L 7z
WEEIAEIRNTES. £2IEANREMAEICHT, NHy+HCI=NH,Cl KEIZET 2
H.OnfE M mikvic & b o, HcPFR sk, 2iLck 32 HLO 4 NiL#3 1O &
NH,H.0 iz HC-H.O ZEnlsShiitaHHick b, FErRiE3¢20TCH5. RoE2
EHOBRICE R LT HD CO. 2 NHy, 2oE b

INH,+C0,=C0O < Hs

NH.
g3 H.O of:iixe ¢

Ak I I B9 2 BRRRRTAU XIS L { M T van’ Hof™ X Huglie & Soddy® o
P RF 2T 2R DOHATH B, B BHIFITIEO RHEAIKSS D L A0, (i
THMEL D b & RO, BFR, WHORIRAS-FAMTEE BT, RIS W
EWHE LTI, TNUAGRA SR TRonkTed 3. #oT Rido 110 oy
dity JUMEERIE S 2 AHTH 5. FFIIZECHOM Y Wihice AREIT, BT, JIHEIER
AT LD B {107,

® 56

CI3 8 # (1) Nl ¢ Kahlbaum S NI Cl } CaD) } ##ULTHRUI. OB ATLT
FMEESE e 2 TRMEE B L3 LERBOMBREO TS NH, £LOT IO ARAE i
BRAT L O RRCTIERE - RAT BECBAL LD AARL A kA THHEL, W
FHK. RKOIL GO, Na PHUAHT Ao~ v ERFEAC THDEAELL. BRSO L)ioKEe
pmp L TH akd, BHIOHM7T L e=7 LERRUIa LU 22015 pump S THI 53125
e BAERT Le2=TERAHBLLDT I'O; BL# LAV~

(2) CO; |t Kahlbaum §] NaliCO, %£ZL TR LB Z2UTBENELELINE NHy 0F
ALHARIILT. BEICRESLDIS CO. PREUKIRAH TWHE, HS0, CiCly 05 2iliife
LY. Prz-cRBRRRCTHRHL, RCEBERCTEAEELH . 22HAL, LUABLTHR
FUY, FACHELTHZIER CO: PRAEEULDT POy LUB~ERICBKLT.

() & B Pel CATEERBEL O LTEERMEI 4 vy 2 28 TH 3. R (350~80cc
ORERZTHOT I v 7 ABORGEARRIZALTIES. A RF Btk + Ny CO. DI
MTHDT Ma, Mn B{ORWFNOR) 2 L2 BOABRNITL 5. REIK » A, 202 B, 37
BZIDTHMERICHAINS. By, Epidik » o BATARALED KESZOMRINE MBIECE

1) DBakes, J. Chem Soc., 65, 611 (1894): Tramm. Z. phys. Chem. 105, 400 (1923).
2) Hnghe; I'hyl. Mag., 5, 35. 531 (1803); '

lHughe & Soddy, Chem, News, g9, 138 (1894).
3) &M AE 5. 23~39 % 5, 150~164 (1932); Baker, J. Chem. Soc., g5, 613 (1891),
4) P, A% 7. 85~137 (1934). ’ ' ' '
5) Studien Hber chemische Dynamik, Amsterdam (1884).
6) (M.
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Fig. 1—Apparatus,

R : Renction vessel,

a: Spring pressure indieator,

=

» Standard needle,

: NI, reservair,

¥ >

: CO, reservoir.
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Fig. 2—Photographs of the spring pressure indicator for calibration and reaction process.
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Fig. 3-The calibraliyn curve fot the spiing pressore indicator,

Life Right

Ordinate : Pressure in-em. Hg,
Abscizsa: Deviativn in cin. of the spring pressuse

indicator from zeio positinn.
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of ammoninm carbamale.

7) Iniges & Migrdichian, J. Phys. Chem., 28, 1137 (1924).
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Table 1 Table 2
Temp, OFC Temp. O°C ;
Initial partial pressures a=16.03¢cm b=1.80cm Initial partial pressures a=23.62cm b=1121cm A
t r kax 1026 | ko 1001 t P kox 10728 | kyx 10~ -
0 17.01 — — § o _ _
T 4.59 3.2
nd o -2 X 9 | 1436 463 2,08 )
@ 16.64 1.43 4.84 . « yisdd 5 1
G0 16.00 1.98 176 at T -t =i f
o] . o [} R
108 15.19 1.19 476 "8 1.1 447 2.63
120 15.05 1.07 463 60 12.48 151 273
195 14.08 115 5.02 95 11.69 4.49 +.81
2413 13.68 4.08 1.88 Y20 11.21 4.4 3.88 i
270 .53 £.04 4.87 140 10.91- 451 4.35
]300 .00 4.07 4.04 177 10.51 4.49 5.56
315 13,27 1.05 4.83 B pracs o G
) ]
a0 0 L 14 250 10.10 4,56 7.27 '
il sl i 9% [ 985 | 440 9.44 :
600 12.79 1.16 510 = - : o |
Bon | 1249 419 5.38 300 273 435 113% '
870 | 122 112 5.32 440 ol 447 Lt
060 12.27 4.99 5.10 780 9.40 = =
mean 4,17 mean 4,52
TR TH—FNIFEN  (sec) FFNITMROBRE (cm) H=50E (1) Kk b FHes = I
FERWL HFMWAUT 2) R E3ZRHEFHCH 3.
—‘(:-:—:ﬂ:’k:'_(:l"—x)(b’—x)............................._........................(l) o
2 : 3
P 51 > -
_ NRT b(a ) . s,
L‘.’ = t{R—QI)) ]" 1 o l---u,...-....--..-.-n-.n-;(1 ) i
1 v (o)
T =K =256 = %) e (2)
2 4p b (a-2-ap)
T o= e T ] B——g—
k. NR T ( 2%— 1) 8 3 e (2

= 11
l;l"'( 2%~1) a-—-%——dl‘ o a (b——édf')
FUTIT ko=K"N, ky=k's N (Hi{if : Moleculesfecfsec)* |t LT, a | NH, ©4B, bl
CO, w4, P ikt T Wb CH .
Op 54 7 < @EDIEA (Table 1) KW TS, X7 4= TERBOPS (Table ) ITRT.
b Pooy/Pyxu, OHOMATICES F2AEHILSKEMEL b biGdic L 2@ RL, A0

*ke B ky tlmol 3 NHy } lmol ¢p CO» p8 Tec \MTIEMT SBE—HMIcERINEI -3y
M7Tre=v20R3TORTHS.
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HEic—FHLTRZ20CHS. bt REEL, CHEEBMCIEISXRECE3IC s F2
KICEFTT 20 Cd 5. ((MEATIOHFERR)

(] BEORE

-33°, -92°, -18.8° 18.75°, 20.2° ICHT NHy CO, OFMERHE 210 & D TIREE L D72
B ORI ¢
Table 3 Table 4
Temp. -38°C Temp. -33°C
* Initial partial pressures a=3.48cm h=7.50cm Initial partial pressures a=3.36cm b=7.68cm
t r k10757 | kyx 10 t r KX 1077 | kyx 10755
o | 11,07 2.80 - 4 115 = =
_ 2 8.91 4.26 0.831
12 8.02 2.89 2,21 s o, i 81
25 8.04 2.80 3.05 23 7.03 2.80 2.91
is i 55 Lk 30 6.62 2.78 3.4
52 6.40 2.80 451
49 6.58 275 8.90 e o S i
60 6.30 2.56 13.84 71 6.18 278 1.3
70 8155 2.87 18,60 B 6.97 e 198
110 6.04 2.82 23.00
07 5.965 2.87 32.8 11 6.02 2.51 3227
17 5.895 (3.03) $6.7 180 6.00 | 47.32
mean 2.80 mean 2.77
Table 5 Table 6
Temp., -22°C Temp. -22°C
Tuitial partial pressures 5=17.24cm b=1.43em Initial partial pressures a=]12.34cm b=2.00cm
: P ko 1075 | kyx 10732 L P kx10-7 | k,x10-2
0 18.67 — —_ : 1;:4 . ‘1 -
10 | 17.9 0.926 .08 ol B ”
17 17.26 1.20 2.28 1 12.8 ":0 '9;
30 16,61 112 515 o i:g* 1';: l'ig
5] 15.71 1.33 3.14 bl 'o*l’ ‘-;4 :5’5
53 15.22 1.48 .08 * léqu ;; o
70 14.85 1.50 273 @ : iy ‘1’6 ;2 1 ::’l
81 14.67 1.49 2.47 " - "77 e
920 14.54 1.50 3.32 14 ;;.u:,' t ';;0 ; ”:
105 14.42 1.45° 2,04 I)f“ o '-5_ =
115 14.34 1.45 1.89 =P A L 3-;0
Al sii _ i 330 8.40 145 2.
—_— 420 8.37 1.6 —
mean 1.34 mean 1.32
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Table 7
Temp -18.8°C [nitial partial pressures a=2.67cm  b=8.08cm

t P kox 1028 kyx 10732
0 10.73 — —_
3 10.54 (9.37) 5.14
20 8.90 6.99 5.14
a2 9.40 7.08 3.09
4 9.06 7.51 5.55
60 8.64 7.58 5.88
74 B 7.5 .05
125 7.63 7.56 7.44
148 T.44 7.54 10-27
162 7.2 7.68 12.08
182 7.21 7.66 15.61
207 7.09 7.59 15.98
220 7.04 7.59 2112
245 6.97 7.63 24.90
295 6.91 7.55 30.07
235 6.84 7.23 41.33
620 6.79 6.65 38.78
1500 6.78 (18.6) 179.97

mean 7.43
Table 8 Table 8
Temp. 18.75°C Temp. 20 2°C

Initial partial pressures a=23.66em L=1.Tem

Initial partial pressures a=30.11cm b=1.72cm

t P Ckex 1075 | kyx10-% t r k. x 10725 | k¢ 10=0
0 25.52 = g 0 anes - 5
97 | ots7 | (330 3.58 L2 8148 | (aal) 144
i | ae| =6 i % | 30.9 1.80 9.00
75 24.93 1.81 1.20 L 4L L5 i
05 il i 175 ™ 85 30.33 1.52 9,02
30 23:00 i ™ 150 20,56 146 .01
!;)0 23 75 l -’-5 ];,0 180 29.23 ] .48 9.00
=h " L1 P48 210 28.92 1.52 4.0
180 23.20 1.74 1.19 275 i 1.60 9.8
240 e 188 3 8l 306 28.04 1.68 1442
Sl a1.59 031 1.5 360 27.62 1.83 11.51
660 20,63 . 1.91 480 26.86 (2.69) 17.60
930 20.53 925 480 28.68 (4.00) 28.8
S— 720 26.60 —
mean .54 mean 1.72
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TR B FINOBIEITAT § “RREML, =AHEARE 0 b, LT AKERLA
LERAECRAY 3 LoRE, Ht i —FBrFLTR 20 R30CH 3. i LT&ICIRicHE
BT~ T RBIEHEC 22T, HEREIREAOTHKIHCHS. Wb Iko KL AR
ERBEAT20CHS. D Lo REEDWE bfles ke OB Ho KR IE G $
BIE) oy BRI Fe b o ch 5.
2.6 BB o RME IR E 4T T 288 & 2 KEO BRI E 47
: /f T BB DT 5. BRI RS 4T B A&
- / LTE (BT B b O, 2NO+0,=2N0;, 2NO+
/Fp' X. (= v)=2NOX FoZKIKIE GRERMIC L=

ATRIE) OrThHa. ZERITEIC LTAIZEREE A7
%8 : ToL0lL, FHomhsEHATIIE Mo Tl
: /E{ EWHTH 5. 2D ZYHLTRAKELN.

oy £y

2 THICHIT X2 BT LRI RO HESR T { ke
4 }p\ OEBHHEER L <, AT B ICORTHIR-
' ' Mr&dephs, Mk, RERICATIREEE YRSV
%0 T T | & mimicksiconT, MRkoREEE RS CE T
oz 0% 20050 *
Fig, 5-The relation bitween B FHEHER 28°C piRic AT Wh i 3 EESEH -
* log %, and 1/T. MEHL, KR, L5, SRICGEFTT 201 Bk.
DF L UL BERBITIC B 2 45 MU M2 e T 5.
(Iv]) BEROME |
FHEEARZ L1 3 & R R — Ic BBk I SRR IC B T 2 0 2 5. 2 L D 3IEsito
KEiIc Kz 38T adsgimshanTsd s,
W It Fig. 1 ICRTIEHRS R 0 G hab —EROMTH 2—0y ¥ ANLTHLE R 0%
FEAUIRIC T, 200°0), [ L TITESIT L, 40 C AT & IR L < BRIT 4t L 7 5 1o SRS
1, FiBEOZRE ) bEICRCIY B3 5. (Table 10, Table 112:)

Table 10 Table 11
) Temp. 0°C Temp. 0°C
Initial pariial pressures a=16.90cm h=2.34cm Initial partial pressures a=20.27éih h=1.83em

t [ P kg 10-%5 { | I ‘ ko3 10-2

0 19.24 — B 92,10 —

2 18.04 4.81 3 21.87 7.28

20 18.77 1.80 10 21.72 3.66

i }7;: : E-£ 33 21.21 3.02

ﬁ:) ' 12.89 o 75 19.25 5.25

2 4. h. ey

162 13.91 6.05 110 I?.Oﬁ 6.72

210 13.20 6.48 - 180 17.21 6.72

300 y 1245 - 8.75 220 77.05 6.61

120 12.20 B.55 285 17.02 3.67

7 720 12.22 6,09 360 — —

mean 6.10 ! mean .48

1) ATFHBEORDII S REEEs T Lo
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m——

LI TR RSB D2 e B % \ OB B (F44ITs | 2 7e 2.5 0) E Nv TEBE TG
7225 U0% Table 12 jgr Table 13 ofTd 3. W Hltos § HEAEAIBEINTES
D RLE0TCHS.

Table 12 Table 13
Temp. 0°C ; Temp. 0°C
Initial partial pressures a=17_66cm h=1.58cm “Initial partial pressures a=13.07cm b=3.35cm
t P kg3 10=24 ! p kg 10-2%
0 19.24 - 4 16.42 =
20 18.92 8.02 - 16l =48
. 35 14.07 6.40
4 .58 t&d 40 13,37 6.38
43 16:40 8.0 60 12,97 6.14
[ 5) 15.66 14.9 05 1.77 §:94
75 1683 14.3 145 10,22 6.31
9o | 1519 144 189 4.57 6.42
100 14.94 14.5 210 0.07 6,50
115 14.58 12.0 260 8.20 6.98
15 14.83 118 320 | 7.69 7.32
2 ) 14.74 7.75 549 : B8.77 7.66
285 14.51 . 570 6.62 8.52
720 6,42 —
mean 12,7 J mean 6.6

LT E MO TT IEHA I RIER SRS N3 KA R 2 kW20 TH 3.

Table 14 Table 15
Temp —33°C Temp., -33°C
initial paitial pressures Initial partial pressures
a=3,68cm b=7.80cm air=3.50cm a=3.98cm b=4.37an air=3.15cm
E T kax 1027 t T k, 310757 -
0 11.48 — 0 - 8.354 =
10 10,75 1.75 14 e S 144
20 0.59 1.26 25 T 665 1.22
a0 9.07 1.19 40 6.07 1.28
43 B.50 1.13 84 5.2 1.92
a6 8.08 1.00 108 4.22 1.42
70 7.50 1.06 130 394 1.87
8 7.37 1.08 142 3.72 1.44
ga 7.20 1.07 154 5.64 1.87
115 6.0G 0,98 165 3.4 1.46
13 6.78 .98 195 230 1.68
140 6.62 0.97 300 - 2,79 1.67
170 5.50 0.87 560 2.65 1.67
330 8.15 0.67 480 2.50 1.54
420 = e 600 2.41 . =
mean 1.12 mean 1.45
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[V] Inert Gas MEME

Inert gas & LCEBPEREMD, £NEHMEBICREZOEMEROTHS. (Table
14, Table 158/H) HERez2EHE, SRDO CO; RUKG LIRS BT NaOH 0%
ML, KIT HSO, POs icCTHR:LWBRACTANELOAL0THS. RilEicRE 3
JRMEE & P& ¥ TGRSR A2 TR 30T 3.

(VI) EREENBEARBEORE

-FSMTEETR LT B I RMICTR A & IRE LA was, Iid 3 Bic AR e ma
ERMEHETT 2 W R0 TH 3. X, A—llici 3 KESEEAREERORE (A%
FEMICAATHE LR A )T L b TR2AFE R TS EEE 2580 kT HREO%.

WEIT LA AT O e BREFTERIZ A LIS O IC A TR L 72 5 R —alRHC Bbvw TT 2720

CIV] CV] 7 2 EBaki L & D #5200 koo BRI AT RN 2 REE o 8T HECLE 7 WkRIT
Mz s, T o KEEOMRE ko { E~te. BBV 2 SRR b, ARSI
& AT NHI1.0 k280 WEES>TRIERERT2AOE L, (COLHO ¥ %+2 L)
3, Ta®e=T% CO X0 EKCHIBETH 2006, kO DWEECHS). X, (1K
%EﬁﬁﬁlD%@E%ﬁ%@%&ﬁﬁm;otﬁﬁ%%%@&Lﬁ.wa

NIy 10 5 NHy e HaOoorovooeeeeveoreeen() AN IANT)
NH,H,0+C0, = LD<OH S e JUEREN (1) B G

m<{ﬁ +NI1, = Lo<(\3?l['_l-' crennenenile)  CRATRTIHRICRT)

FHFOTHOP () 7 3FIIFFICES M T 3 b0 THOTH DT ), R cdy
BRI LTES b0 LEALILS. i LTEROBEICE () OEMEAFETHOT (&
BREEAL (1)) HoMiwv & B~bita, T () 2RI LA F LTEND H~ R
i1 3. HoHE (©) O KB 5EDm < FETITHG L5~ 5 0 5h b E A Ol 2 R
BEL KRBT (W) OKEESEETH 6 5. BIHERIATILEEE "I #4732 Hasag ]
ahvas. MbEHBERBLOMTCRNTEZCHE 5D, (h)@wfu.ﬁwmmc TH~HL
.
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