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Chemiluminescence of Copper Halides in 0,(*A) Flow Produced by

Microwave-Discharge of Oxygen

Takaomi KOBAYASHI, Yohichi AMAKO, Masashi TSUKADA,
Koh KoBAYASHI, Yoshio NOSAKA, and Nobuyuki Fujl

The chemiluminescence of CuCl, CuBr and Cul in O,(*A) flow produced by microwave-discharge of oxygen was
observed in 420-600 nm region. The blue emission of CuBr and Cul changed to that of CuCl with addition of
chlorine. With the increases of chlorine, the chemiluminescence was quenched and red emission, assigned to CuCl,,
appeared in the 600-750 nm region. The emission spectra of copper halides in the discharged O, flow were compared

with those in discharged nitrogen flow.
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Figure 1

Experimental appratus of microwave-discharge flow.

MD: microwave-discharge cavity, T: thermocontroller, I: vapor injector, MC: mono-
chromator, SMA : spectral multichannel analyzer, PM : photomultiplier, O : optical fiber, L:
light trap, P: pressure gauge, B : butterfly valve.

The injector temperature was controlled at 500°C in all experiments. Hatched area shows

chemiluminescence due to mixing of the metal vapor with O, (!A) flow.
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Schematic drawing of experimental setup for
vapor injector of copper halides.
N : nichrome wire, T : thermocouple, C: ceramic
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coat layer for insulation.
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Figure 4 Typical emission spectrum of discharged oxygen afterglow at 3cm downstream from the
discharge part.
® : unknown.
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Table 1. Summary of chemiluminescence spectra observed
in O, *2) flow

Emitting  electronic wavelength energy

species transition range/nm cm™!

CuCl Al —X's* 520-550 18997
B, -X'=* 470-530 20476
C'sr—X's 460-520 20622
DI, X' 445-455 22958

CuBr AL —X'Z 455-540 20489
B'I,—-X'>* 420-435 23029

Cul ATl —X's* 485-540 19708
Crz2r=-X's* 455-470 21849
D'Er =Xz 435-450 22932
unknown 470-490
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Figure 5  Emission spectra of copper halides for a) CuCl, b)

CuBr and ¢) Cul in O, (*A) flow at 5cm down-
stream from the vapor injector.

O, flow rate: 18 mmol/min, pressure: 0.19 Torr,
vapor injector temperature : 500°C.

(AV = =3, —4) %4520 nm D FEIC B E T X 72,
ZOEEIL, KAL)z,

NL(BII)+CuBr — N,(A%Z)+CuBr(A'll)
EHFOBTNKE»CuBr 2F# L Twb 2 & %1%
LTw3, 2% BIAV =45 252X —#E
{2 & » T CuBr ¥ 5 721213, CuBr(A'll) »x
FNX —HER (20489 cm™Y) (ZFHL T A5 B A 5
THRED AZ Ny FADBR G L IN LTI L L %
v, L L, BILE—WHER L EBE afterglow %R
ALABAL N L & 5IZTTIE, Vegard-Kaplan #~
Y FRBRTE - 72,

RERMTRE R



<4 7 ol REIZL N AR L ZRE—-BEBRTNCS T2 o s Ll FERA

420 460

500 540

Wavelength /nm

Figure 6

Emission spectrum of CuCl in discharged nitrogen afterglow at 5cm downstream from the

vapor injector. N, flow rate : 50 mmol/min, pressure : 0.5 Torr, injector temperature : 500°C.
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Emission spectra of discharged nitrogen after-
glow at 5 cm downstream from the vapor injector.
a) N, (B*I1—A?*2) transition spectrum observed in
the absence of CuBr vapor.

b) emission spectrum observed in the presence of

Figure 7

CuBr vapor.
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Figure 8 Low-lying energy levels of CuCl, CuBr, Cul, CuCl,, O, and N, '".
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Low- resolution emission spectra of CuBr-O, ('A) Figure 10

flow containing Cl,.
a) no addition, b) Cl, flow rates 0.3 mmol/min, ¢)
2.2 mmol/min and d) 6.5 mmol/min, vapor in-
jector temperature : 500°C, O, flow rate : 19 mmol/
min, pressure : 0.27-0.3 Torr. Broken line shows
detector sensitivity.

500 600 700 800 400

a)

A

Cul
A-X

CuCl
B-X

500 600 700 800
Wavelength /nm

Low- resolution emission spectra of Cul-O; ('A)
flow containing Cl,.

a) no addition, b) Cl, flow rates 0.1 mmol/min,
¢) 1.0 mmol/min and d) 3.0 mmol/min, vapor
injector temperature: 500°C, O, flow rate: 19
mmol/min, pressure : 0.27-0.3 Torr. Broken line
shows detector sensitivity.
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Figure 11 High-resolution emission spectrum of CuCl, in CuCl-O, {('a) flow 5cm downstream from the
vapor injector with a Cl, flow rate of 6.5 mmol/min. Injector temperature, 500°C.

F 14 % (1992) — 41 —



SR EE-REE - FZBRREL- SR

AT L9z, CuCl, oE#fr 2 AL X — B8 k
- THIHET %1213, O.('A) 7 b DA N X —FH B
TRZAINLF—ARETHE, Zhld, ~o7rALE—
FOFORADERLERRTH S, —F, BEFIL35007
MY ALF —BAOE W ASSY, AET AP,
o7 ALBE N FERE, 720k CuCl, DRER
EEOEKIZUE L T A X—2HL T 5 AT, &
LI ANLX—HBENERIZL LRI BHTE -
72

O,('A) iz B TIRFRIFMz L D& L /72 CuCl D
FRAELNHEE & BRRMEBOBFR L KIIRYT, W»
FTo sy AT L CuCl O RAEEIZERTM
EELIZERIET TS, R w Lo
FOERELIZERICLOELEINEZZEETREL T
%,

1412103, RERLEE FEFFNEOBFE L R T,
CuCloRFnBa LidMic, ERFMEOREMIC &
D, Bl 2CuCl, DRENHEE IR ICENT 5,
~H, WEIZAONBIZINBERTREZRS FO
B-X R oiEHmEEsERT 22 s s T
5220 CuCl #26 CuCl, 2R T H 720121, 1 5F
DEFEMAMHSVEL EN 0T, BEREFOFSER
570 BESF2ZOMBICE NIERBE T2 ER S,
FokizFhREEZE D O CuCl* D FRIICESL 2
7Y, CuCl, R BRNITBRATE o712, ZOHR
(3, ERFFRmMEERTTL0 L, BEREOER
SFH O(A) O Tl R BRI BTN 4 5
CEELREPRLL TV EATRBL TS,

FoBEBRPICIEZRSRSGLCL, MEER>S
DFELIIBRTE LD 72, $2H4ERABNERS
RELRNTT- 29, o ALE—ENFERL
HPENEINEDAT, CuBr, ik 2 REIIBRTE
h o1z,

Rk L 72 & 512, BEBERIRCEARHR®E L
2, fE- T, REES L TRICHEEI LM, HEE
7D O,(A) ko a U LE— R EDBRICED FNE
NORFREMIZIRIEZY, X5z, BRIMEEST
52012k CuCl, o HEAFEI R X N 5 ATREME L
HBH, FORIGBEIEETH S,

EbbY(C
BERow4 70 lBETERL 20,00 KNI

CuCl, CuBr, Cul £ N #NDEALES L 2RI
SNALFRELBBIL 72, WTROAMN L L, 400

— 42 —

T FHIR G fE - R E AT

[ J
A
A
i [ J
5
g 1
£ C
c
=~ =
b4 L
© -
(08 o
| L s raad I
10 100
1270 e/ .U
Figure 12 Relationship between the red emission inten-
sities of CuCl; at 691.7 nm and those of O, (*A) at
1270 nm. Cl, flow rate: 1.7 mmol/min. @ : CuCl,
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Figure 13 Blue emission intensities at 488.2 nm at various
amounts of chlorine added. O, flow rate: 18.8
mmol/min.

@® : CuCl, A: CuBr, W: Cul.
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