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Emission Spectrum of the Flame of Chlorine
Burned in Hydrogen
Ty

Tetsuzo Kitagawa

Abstract

Chlorine is bumed in the atmosphere of hydrogen with the apparatus shown in Fig. 1
and the flame emission is examined spectroscopically. (The photograph of the flame is shown
in_Plate 1.)  The author has constructed a 'spr:ctrogmph with three 60° angle glass prisms for
use. and its dispersive power is 123/mm at ,i.;_:'oo.-p\ and 43\/mm at }.5(}00;‘. The emission
spectrum .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 vibrational emission bands in the
region of i()soo-sst)o.xs and the band-heads ard mieasured as shown in Table 1. (T'he repro-
cluction of the emission bands is in Plate TI with the reference spectrum of iron,)

The emission bands in the flame are compared with ‘the absorption bands of chlorine in- a
quartz 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:
III, No. 1-7, and the wave-lengths of. the absorption 'bam.is at high temperatures are measured
as shown in Table 3. Tn comparison between the above two bands in Table 4, we find that
the two band-systems are identical and therefore the carriers 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 quantum numbers of the
emission bands in the flame are decided from Tables 5 and 6, as v/ = 5-13 and v/ = 3-6.
These results are also explained by means of the: U(r)-curves'of Cly in Fig. 2, which is drawn
by means of Morse's function usig the molécu]ar constants of Table 2.

Semenoff’s explosion theory about the mixture of ‘He and Cl: is discussed.  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 cxpression
for the winimum pressure of explosion, p and the absolute temperature, ‘I, which is analogous
to Semenofl’s, )

The Laboratory of Physical Chemistry,
Kydto Imperial University, Nippon
May, 1934

—F  ®—



MIBILZFEDES Vol. 8 No. 3 (1934)

2 ‘ G BERFAMEOBD A < 7

HEKERBOBORSXY | I

E N fit =
* s

AEBBMEIE L TAERCEZ0AL VBT 20T, BIBOBES ICTH 2B S I 2RBE LRI
LTET, B4R 5 & WienPlanck DAL S TR 22T 41 ¥— DS LATT 28H A~
s rARHONIETH DL, AREOHD A7 L ¥ R3HHT. SFUIKTORNBET =
AR F—OBLILHZTHEAR 7 bAoA (BUTER AR 2 FA) UL 72 <2 o280 35015 2.

éﬁuﬁMﬁW$EW2ﬁ5WK.5¢T7FWIiﬂ¥—wEE,EMG?MHWM¢WAT
ETHRLL 2L R KM&%J&T&L.%nww&ﬂﬁawﬁﬁm%u.&&uﬂ%&%
DFIZNRICHH 5 L B~5hz.D

RNMITIBOHD 2~ 2 b %R L, TOREE, WITRHEEL Whic i Lk b,
REEPEREO PERIO AL LR, B REREO — Y R L HH 3 b0 & 8.
FRACBRI S BITIK DO TIZ S RO RATRECTH D7 hERM S, ZOEE 7~ 2 Fricilb T
BOTHEINGZ DLW HAVWTHD 5 & Blais.

BREOBALZOWE, 18, WEBOHELTAGATH S m*am%&@%%mmc&o; m
HRO R 1T A TRE X BT EiE LD T, ZORBE VIMBRO A~ 7 b2 W LTe-
DIERIT LI, Urey %< Bates? RO KEBBOBORE A <2 FLIZRT, THEL D ‘“‘ﬂ-
HMEEZ—@EOEH A~ FAL X RHLTH 3. cnm&m@«aw<&%m&ot,—ﬁoﬁﬁ
;e LT ﬂﬁ&&ntbéﬁ.%ﬁulkﬂﬁ%iﬁ%~%MA®MKﬂ‘ FiREORE R~ 2
PAOHIINTHIOF R L. ZNEICARZITNTIE L LT, TORHR 2 P AOETBH
ICHIL THIR LI REL £ 5 & 1a.

(1) BMEKRRBOBEEAR2 b

DR % % &

RERCATEELRBELL O 3HHOLERIL Fig. 1, Q). ITRT#EY ¢d3. A ZHrHo
Pyrex fTRORECEMOR L VHRE S He LHEEA LB L TR 045, &MO He (19055
ICERK L7 HO 23T EFOF L b BRAMPICEN LY 3. B 129 s KWBiFTHo N 2 EaEIc
L, Bl i LTz Cl £46AY D LB TUREIMICHL, QRHOIFN C cicm
im?;z@_ BT 3. CIEWIMIBIR SR R 2 WiBiC, FHCHEEE DT 2. C o
ICEZPIR TR F 2850 . BT XLRGBOEA L > X ELITIBOBRESLBO 2 Y ¥ Fo kic
HELY 5.

B kT 205:E. LSRR D ¥ Bnc Lf‘ifi'\LPlC’C He ik L, RICCxCak b
WHELDO 2% BRIZHEATS. #3223 CniciT H-Cl OBX &L, AT BOOKER
S EEASREEFR o H: OIBIL T 5. D ”é‘&icoﬁ,m' Cl 2L s e BRNEMAEL

1) mj«;x*ﬁrpxu@;&m nT u. mmtﬁ—r? - N 4 IR A ou J&yg{m gmn, NH,
ORBOP A 12 NH BRI BENEETHE:
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Plate 1. The Emission Bands in the Chlorine-Hydrogen Flame,

Upper (7). Fe-arc spectrum ; Lower (2). Flame spectrum,
(The central gap in the flame spectrum corresponds to the least semsitive region of
a panchromatic plate, but in the original plate it comes in one continuous spectrum.)

IZLk 2 Balmer REGOMEHE A< 2 b ORI ZHELBML ThHehs, ZREBOICELALLE
RO, '
Table 1 {CEMBO ISEOBIACH T, B RRE LIk REBF 3. 4 REE @ N, Ry
v (i;l'i‘?isqucma‘o lem MOHEE (R, em™) 23137,
Table 1.

Emission Dands of Chlorine-Hydrogen-¥lame,

No. - WA v, cm—! Int. | Ne. A v em=! Int.
1 5690 17883 14 10 5942 16825 5
2 5630 17757 1 jn 6003 16655 5
3 5669 17636 2 | 12 6073 | 16463 4
4 5716 17401 3 | 13 6134 16297 3
5 5761 17352 4| 14 6201 16121 2
6 5821 17175 1] 5 6267 15952 1
7 5842 17113 4 16 6344 15738 1
8 5882 16997 5 | 17 6419 15574 1
9 5898 16951 5? 18 6501 15378 0

4) BABEZHITHFICEHTOBR

Vlate 11 [CBIINFBATE 212, —RLUTHLERIM SR 2L 4 LTh 2950T, Hoff
B2 CoBTLIR0T0RRST, BRI FCH5 5 L MMRah s, ST
73 3 ZBFATE LT, 1L O B HO 0Z4558~610%. toOM H OBLHA <21
X, JEo5T- ORI BAF I, TSIk EBYL 2 v CENOBRERE LThithl,
Bl T a2 by ExOTHIIRS. L HCHZEMNEE2 GERIC LT, 4123001 LiFo
AU Y TR BT T 2 O 28000, KTk omEW2 <2 P XBUIT DL
BH~BNE. BOTEOREE Cl 255 5 & BTN 5. Cl: DFHEICHAT 2RI 2 <2 b1
(x Plate 1L No. 1 (at 22°C) R$m<. & A5300—4T85 2 @ RICATEL ORI D D 4
CAATBHA (BRI HRE LTS 205000, T IEEO RSO BULIL 2 M08 IC RIS E 47 LT
BB REWV. R4 Ch 3 MALD  IGREICHRTRICA <7 PR g L7, BAlEa(—
Bt 2 3700 C, -RiITHoOBERICER TR~ B,
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Plate 11, No. 1-7.

Absorptior: Bands of Chiorine at Vurious Temperatures,

{Upper, Chlorine absorption spectrum
‘Lower, [ron arc spectrum (ref.)
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Fig. 2. U(r)-Curves of Cly-Melecule with Vibrational Tevels.
Upper Curve, Excited Molecule.
Tower Curve, Normal Moalecule.
Table 2. Molecula¥ Constants for Cl,.
Molecular l
Constants E. De Te e Xetoe a
Units I o o T -
Mole- cm—- cm—1 10=B.cm cm-! cmi-!? 108 cin =t
cular States ™\ L
Excited State —an
N 17869 3201 242 261.1 542 2.
g | L
Normal State 3 -
. —_ 20304 1.983 564. X 2,
GIE 32 8% 78) ) 564.9 4.0 06

8 No. 3 (1934)

n

B ROY¥AiZ Jevons @ Report on Band-spectra of Diatomic Molecules Y i #fHjL7z.%
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5) W. Jevons, Report on. Band-Spectra of Diatomic. Molecules, 1922, p. 280.
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Franck-Condon MBI ITHN X, BRICUIHBHORICRY 2BTOMBIL. 5 THRENTIL~T
EbITRRIC RN BT, HBORKRICAT 3T EOWESEIRL LIV b0 L LS Z.
L TREBOMAT, 2 TRIESO /e, s Ur) e Tig: S rofid
ZiREIEERE U(r) dhi s ORBHLICR TR S K E 30T, IEBN s D MRITRICK U135
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B, BEDO AT LK HIRB « 44 ¥—FHRT, @K v/=3 4 5, Geeneeeeer O ERBIFEE
IS bODEHIHMLTHD. A0 Dlnd BIRERED ERS T43 K L R¥cT L, Franck-
Condon MEFMIT L hT, MBOT i ¥—(2/43{ kb (Fig. 2 £1), BTRKTHIE  KEE
DdIoERD.
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4 Plate 111 [cHrT, EiBISICE 2 No. 5 (650°C), No. 6 (730°C) RTE No. 7 (810°C) D=#
(2)- 72 7l -1 xwmwﬁmammauaﬁoﬁﬁoﬂﬁzwﬁL##%ukasom<f67
ZEOPKIMTHFIDHRICRELNTH S

Table 3.
Alsorption Bands of Chlorine at Higle Temperatures,

No. X .K v, cm-? No. A .K v, cm—1
1 5384.8 18566 16 5786.9 17276
2 5427.7 18419 17 5819.3 17180
3 5463.2 18299 18 5845.5 17104
4 5475.6 18258 19 5878.1 ° 17008

! 5 5502.2 18170 “ 20 $898.5 16949
6 5521.6 18106 l 21 5045.1 16816
7 5546.1 18026 ] 22 6008.8 16628
8 3500.3 17882 | o £064.8 16484
9 5625.8 17770 1 w4 6133.1 16300

10 5646.0 17707 2% 6204.5 16113
11 5669.0 17635 26 6265.1 15957
12 5680.7 17599 27 6344.6 15757
13 5702.1 - 17533 | 8 64294 15550
4 5713.4 17498 29 6511.9 15352
15 5762.2 17350 | 30

$5C Table 1 & Table 3 & ¥ R&~2 &. Jhoo iz HICIGEO L ¥ 1+ BRICHDAEAET 2
EH 5. REE on” RS THE L TUETHILE Table 4 O CH 5. W—FHLFM,
~FHIERSIB I A Y LR, HEFRBCRIN S FAN0oKY, BUFTIZIORETE 5.
00 S EER L OHMAIC A THRFIIA —HLTHBLE~S.

FIT B BN 2 FE, BT oI N 2 WAEST LD BAELNLDTH

6) I. Yranck, Trans. Farad. Soc., 21, 336 (1925); E. L' Cmvlon, Phys. Rev., 28, 1182 (1926).
7) AHIERE TR FHIEEAE. 1710,
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Table 4.

Comparison of the Absorption Bands of :Chlorine with e Kmission
Bands of ‘the Flame,

No. Chlo\j;:f;]}ands Fl:‘m:z;fi\wuds . .l;)n;q-l Calc';\!:f;ﬁcr\: ave
] ’ em=!
1 ‘ 17883 ? 17885 0 17886.2
9 17750 173A7 -1 17766.0
3 17707
4 17635 17686 1 17635.0
5 17599
6 17533
7 17498 17491 -7 17493,
8 ; 17350 17332 2 170404
9 | 17276 |
10 17180 ‘ 17175 —~ 5 17176.8
11 17103 17113 10 17110.1
12 17008 16997 —11 17002:4
13 16949 16951 2 | 16968.2
14 16816 ‘ 16825 9 16815.5
15 16658 16655 17 16651.9
16 16484 16468 —2] 16477.5
17 16300 16207 -3 16298.8
18 16113 16121 8 16135.0
19 15957 15952 -5 ] 15960.6
20 15757 15758 1 | 15775.4
2 15530 15574 24 | 15579.3
22 | 15352 15378 26 15372.4

BHEHS 5. WS BASHFAD HEITHEE SN TH B3I ([T (B)) WEOWICTATRI-D S
AicfEb N ThaHE LT, —HIEOHMENEZL LLD 0TS 3.

Mulliken® (T {fihLix Plate ITT oBEHEMMANE Cl. OIEHUREE "I L 0 BEIEE OF ~0#ifs,
By OF <13} B34 THREOHBICHKOTHRINS bOTH2LE~LNTHS. TIITH
CRd L. Ch 5 T0 OF = '3} 3B lE LTRadiEE b

WKL, WRTRTE O BBEL 2 —$d ZHABHBONAHL, REMHEVWOT
B3 MEIEHERISCR G BREEOBLICRT, AHRORE™, KKK NI HRORFR
R, A S RN — B L e BRI T, S0 THR O S D IR AT,
BHEOYOEBHFREN ZHEREE LN TH D, LTkl 25 FCBTahisEsnc
BEw.

8) R. 8. Mulliken, Rev. Modern Physies, 4, 1 (1932).

9) FTFACATARDB L) &=+ 1 ¥~ RBEEETME A-BREORKRLIRL, AL X8E
rRATLDOLT 5. , -

10) M. Kimara and M. Fukuda, dlwm. Coll. Sci. Ayéto /mp. Univ., 4, 155 (1920).

11) Y. Ota aod Y. Uchida, Jup. J. Phys., 5, 53 (1928),
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Table 5.  Band-Analysis.

[Emission bands in the Hy-Cly-flame are seen in the frame,
and the figures measured by others in parentheses,]

\v” 2 3 1 5 G
\.I ——
5 16628
6 17550 16816 16800 15757

(17352.1) (168151
7 18106 17533 17008 16484 15957
(18088.8)  (175%6.5)  (16994.1)
S 18258 17707 17180 16638 16113
(18261.8)  (17707.0)  (17166.8)
9 18419 17883 17350 16816 15300
(18417.9)  (17866.7)  (17338.5)
10 ' 18566 1802 17498 16949
. (I8578.7)  (18024.5)  (17496.0)
11 18170 17635 17103
(18167.0)  (17637.8)
\
12 18209 byl
‘ (18295.9) ' (17765.1)
13 | 18419 17883
| (18414.5)

ST, HEEOMILAHT Kulnt KT8 i RE™ 1D TREINICREE SN, Hic Elliow™ (2D
THEAMBFHEINTES. STHROBZOMMIEOBF LHML T igjbf 2 & Table 6 o Tk
5 BI B dIOMILZ D A £ (T KO TR & N 2RI }"kidi*;‘ Helh R U B odR T R T3

By 1E, Elliott" g KO THRES R TELALT & D iEEE b TH D 4 Table 5 2 jto
rié&lti"’i')‘ﬂii Table 5 ([T} 3 —BoH L WL WEBHVTIL, AR FiciEze s
zi-fcﬁéia =ET 2. fek~ix Table 5 ICRAW BIEMNOETIT D HEOMRMO~He T LTH 3

, MIBTEITR L TH 305, 0T Table 5 (TR 2 B E N7 BHAMBO HBHIT,
Table 6 TR T ABOHBICAZELWALTHZ. WHIBICHAT ZBROTAHE v=5~13 &
v'=4,5.6 2 OBDOHEKICHKS bDOTH3ERRS.

AUED v BT v Offik, Elliot™ [TRDOTHAL LMD I v EEZ TR,

vo=1T657.7+(255.7 v/ — 542 v/?) —(560.9 v/ — 4.0 v/*?)
CAALTHBELTRS L, HIT4UE Table 4, FnfTon< &V ENfie L - LTR2

12) H. Kuhn, Z Physit, 39, 77 (1926).
13) G. Nakamura; . Coll: Sci.’ Kysto Imp. Univ., A, 9, 358 (1926):
14) A. Elliott, Proc. Roe Sec., A, 127, 638 (1930): 123. 629 (1929).
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Absorption Lands of Chlorine
27T I % "‘ ’ ) .
Fig. (7”1) R TR, f&]fCﬁAH‘%ﬁi ©. Absorption bands observed by Nakamura

T Cl: /}J - R AR TE v=5~13 RTINS and Kuhn,
&. rh, iriﬂ‘;ﬂ"ﬁf") v/ =4~6 OIRTHEELIT A Emission bands in the Hy-Cly-flame obser-
N ' : red by the auth
i‘ﬁﬁ;bfc% o, & "HJ’- Anx—hrlLT ved by the author
v"
BHT20THB. Fig 2 Kt 5 Fich ) 0 1 ) 3 14| 5] 6
v | .
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BEgE T B ICHD A Morse BT AK
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