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Emission Spectrum of the Flame of Chlorine
Burned in Hydrogen
Iy

Tetsuzo Kitagawa

Abstract

Chiorine is burned in the aumosphere of hydrogen with the apparatus shown in Fig. 1
and the flame emission is examined spectroscopically. (The photogmph of the flame is shown
in Plate 1)) The auther has construeted a -spr.-ctrc:gmplx with three 60% angle glass prisms for
use. and its dispersive power is 12\/mm at 24;0:33 aml 45A/mm at 15900,  The cmission
spectruni .of the flame is, as a whole, one continous spectrum  which extends from the visible
to the ultraviolet region. The author has found about 18 vibratiwal emission bands in the
region of ;'\6500-55()0;\ and the band-heads are mieasured as shown in Table 1. (The repno-
cluction of the emission bands is in Plate II with the reference spectrum of iron.)

The emission bands in the flame are compared with the absorption bamds of chlorine in a
cquartz absorption tube with a length of about 1. metre, which can be heated: clectrically. The.
absorption spectrums of chlorine at various .temperatures: (22°-810°C) are reproduced in Plate-
1T, No. 1-7, and the wave-lengths of the absorption bands at high temperatures are measured
as shown in Table 3. In comparison between the zbove two bands in Table 4, we find that
the two hand-systems are identical and therefore the camiers of the emission bands must be
contributed to the excited chlorine molecules in the flame.

The band-heads are analysed in Table 5 and the vibrational gquantum numbers of the
emission bands in the flame are decided from Tables 5 and 6, as v/ = 5-13 and v = 4-6.
These results are also explained by means of the U(r)-curves‘of Cl. in Fig. 2, which is drawn
by means of Morse's function usig the molecular constants of Table z.

Semenoffs explosion theory about the mixture of H: and Cl: is discused. And the author
proposes new hranching-chain-reaction mechanisms, (2}, (3/), (4), (5) and (6). which include the
excited chlorine molecules CL.* as intermediate products. (See Fig. 3.) The writer calculates the
probabilities of branching of the chains under these conditions and finally obtains an expression
for the minimum pressure of cxplosion, p and the absolute temperature, ', which is analogous
to Semencils, !
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Tlate 15, 'I‘he Emission Bands in the Chlorine-Hydrogen. Flame,

Upper {#), Fe-are spectrum ; Lower (2). Flame spectium,
(The central gap in the flame spectrum corresponds to the least sensitive region of
a panchromatic plate, but in the original plate it comes in one continuous spectrum.)
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Table 1.
Emission [!nnds of Chlorine-Hydrogen-Flame,

Mo, - I ;{ v, cm=! Int. N he .:. v, em—! Int.
1 5600 17883 1] 10 5942 16825 5
n 5630 17707 1 11 6003 16655 5
3 5669 17638 2 | 12 6073 16463 4
4 5716 17401 3 || 13 6134 16207 3
b BTG 1 17352 4 14 G241 16121 2
6 5821 171756 4| i3 6267 15952 1
7 5842 1TH3 4| 16 6344 15758 1
8 S8R 16997 a I 17 614 15574 1
9 A8IR 16951 a ‘ 18 {io6] 15378 0
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Fig. 2. U({r)-Curves of Cla-Melecule with Vibrational Tevels.

Upper Curve, Excited Molecule.
Tuwer Curve, Nurmal Molecule.

Table 2. MoleenlaF Constants for Cl,.

Molecular .
Constanls | Ee Da Ta e Xgtg a

Units |
Mole- I em—+ cn—1 1)=Eem cn—! cm—1 108 cm=t
cular States ™\

Excited State s &
3 17869 3291 245 261. 5,42 2,38
® ﬁ uE r&g) T 42 G1.1 a3 .

Normal Siate :
i —_— 20304 .O83 564. i 2,
CiE 12 4% 7R) { 1.983 564.9 4.0 2

gt Ko hit: Jevons ¢ Report on Band-spectra of Diatomic Molecules X b I L 7.3

B8) W. Jevons, Keport on Fand-Spectra ef Dintoms:. Molecrizs, 1939, p. 280,
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Table 3.
Alsorption Ttands of Chlorine at High: Temperatures,

No M : v, cm=1 No. Iy .-‘{ % cm=1
1 5384.8 18566 16 5786.9 17276
p) 5497.7 18419 17 5810.3 17180
3 5463.2 18290 18 7945.5 17103
4 5475.6 18258 b 1w 58781 17008

4 5 S22 | 1810 20 7R0R.3 16049
6 i 5521.6 | 18108 2] 0945.1 18816
7 abded 18026 | 22 60088 16638
g | 33003 7882 | om 0064.8 16484
9 | 56258 17770 |ow 61331 16300

10 | 5646.0 17707 25 62045 | 16113
11 5669.0 17835 2% w1 | 15957
12 5680.7 17599 | 27 0344.6 15757
3 5702.1 17538 | 28 64794 15550
14 5713.4 17408 ' o 6511.9 15852
15 5762.2 17350 I! 30

$C Table 1 & Table 3 ¥ REND &, D TILISIADIER ¥ fi 7 BWRICHTi T 2
A2, REE om~ Bl THELTl~NTHhE Table d I CH 2. W—FrdifFdk, I
—FHERSIBEIC AR 2 RERER, NEFRECRRIN 2 ZLHOMKY, BUTRIORETS 3.
B EERREOFRAIC R TIRFIZRS —&RLTHILE~S.

;n&lﬁmmmn7ﬁﬂmﬁ..wmﬁﬁ?5WEéﬂk%E£ﬁTiUﬁ%%6n$0?6

_ﬁ) L lram.L Trans. Farad. Sec., 21, 936 (1“'3) E. U. Condon, Phys. Rev., 28. 1182 (1926).
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Table 4.

Comparison of the Absorplion Liands of Clilorine with the Fmission
Bands of ‘the Flame.

No. Chlwine-Dands Flame-Bands . Diff. C'.Llc?\!ifz:}cr\: are
em=) em=1 cm~—! i1
1 i 17883 ! 17883 o 17886.2
9 17770 - 17357 —15 | 1706,
: 17707 !
4 17635 176346 1 | 17850.0
5 17599 | |
6 17582 ‘
7 17498 17491 =7 17498, 1
s | 17330 17352 9 1704
9 | 17278 |
10 17180 17176 _5 | 17176.5
11 17103 171138 10 | 17110,1
12 17008 16007 -1 17002:4
13 16949 16951 2 | 16468.
14 16316 . 16825 9 16815.5
15 16538 16656 17 16651.9
16 16484 16463 —2] 16477.5
17 16300 16207 -3 16298,
18 16113 " 16121 8 16135.0
19 15957 15052 -5 ] 15960.6
20 15757 15758 li 15775.4
21 15550 15574 ad 15579.8
22 ] 15352 | 15378 26 15372.4
% | |

EA 5. b BARSRI O AT biIveH I [(T) (3)), BB oMok sto
FicReb N THAHEL e, —BHOHEN ML LL230THS

Mulliken® [ ffchuix Plate 11T OBEEMBANE Clo OIEHRE 'S5 & D EENGE OF ~0blg,
Bpe Of «13F naiTAMOMBICEoTlihsbothaidE~ohth s .,,. A
it a8, Ch 570 OF = 'I} n3BCHE L -Radhadizdirwn.?

HHEL %@mﬁtw<®w<%ﬁ%&é<—ﬂ%% BLRHf e, REMHELDT
& 5. Wl ERTICR T 3HGEEOBIICHT. AN ORED. R R A HHROR%
mﬁnm,Wﬂ%m&mu~ﬁbtﬁ#ﬁiﬁmmnTu,m0gﬁﬁmﬁﬁmumm@rm;
Ao aErREA s ENREEL N ThH 2H, ZiikFmlTar sarichTanisean
B,

§) R. 8. Mulliken, }\?w Aadern Pﬁys:::. 4 1 (1942).

9) FTHIRT AL E L) F=rrr—KBLMETNE A<V IZRORE P L. ASB Ei%i}
rRRETEOET A ‘ '

10) M. Kimura and M, Fukuda, dlwm. Cod. Seii Ayite /mp. Univ., &, 155 (1920).

11) Y. Ota aod Y. Uchida, Jup. /. Phys, 5, 53 (1928).
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Table 4.  Liund-Analysis.

[Famission bands in the 1.-Cl,-fame are geen in the frame,
and the {igures measured by others in parentheses.]

\\.” 2 3 4 5 I

5 ——

4

A 1638
6 17550 16816 16200 15757
(7o) (16815.1Y
7 18106 17583 © 17008 16484 15947
(18088.8)  (17546.3)  (1690L.1)
8§ 18258 17707 17180 16558 16112
(18261.8)  (17707.0)  (17166.8)
9 18419 17883 17850 16816 14300
(18417.9)  (17866.7)  (17338.5)
10 18566 18026 17493 16949
(18578.7)  (18024.5)  (17496.0)
1 18170 17635 | 17102
(18167.0)  (17637.6)
12 18200 17 R
| (18205.9)  (17765.1)
13 18419 17883
(18414.5)

SFic. WEAORKTHT Kuhnt® Zor dobbEE™ (60 TREMNcfE 5L, Wiz Eliou™ (2 {ko
THMBFENTES. AMEOBEORMIROBEFLAML TIRT 2 & Table 6 i T
5 BB ORI ZSED A £ (T D TRIEE & LAk ':‘?Eée.li‘r Bt R OB ONRE R T8

S Brr” 13, Elliott™ [T ko TEES R TELNUT L ViR b TH S, 4 Table5 2 it
iéélti%tﬂuf. Table 5 [T/ 3 —MMOHL < MEE 25 EEGTIL, L < SFciiike b
NFehlis -3 2. fek~ix Table 3 (TP BIEMANO R W ROMEMIO—-THETLTH S
3, MFRECR—HLTh2EA05. BOT lable b IR 3 Bl L7 BHTO FHMT.
Table 6 TR T ARDEICAZTNWALTH 2. HHHEICAT 28RO NAHEL v'=5~13 &

"=4.5.6 L OEIDHEICHS LD TH3ERPS.

%—ﬁto v R v Offiz, Eliot™ [T k0T B g AL Bl v & TR

Yo =17657.7+(265.7 v/ —5.42 v/*)— (560.9 v/ —4.0v""%)
CHALTHELTRR L, H5E4iE Table 4, HAfTon ¢ & b HRfGiL X ¢ —HLTRS

12) M. Kuhn, Z Phyeb, 39, 77 (1926).
13y U. Nakamura, Afew. Colle Sci. Kyste Imp. Univ., 4, 9, 353 (1926).
14) A Elliett, Prec, Ko See, A, 127, 638 (1930): 123. 620 (1929).
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