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I. INTRODUCTION

Previous investigations have shown that excited molecular oxygen

(0
2
[’AgJ ) can be produced chemically in solution via the absorption c~f

I ,(q) by a solution of basic H202
. The production of O2

(’i~g) is

inf~ o ’afl t since it  h-~n been predicted theoretically
2 

that energy

r.in~~f~ from this s: o oj i i r ;  can pucp an 10 00 s t o~ laser (
2
P
1/2

_ 2P
3/2

) .

~r-e threshold for + ni~ process has been predicted to be 25% excited

oxygen  to total oxygea for realistic lasiny conditions. This energy

trani fer must h~ carr ied out in the gas phase;  h~ssk’yer , only liquid

3~~~~~r -  reactions ‘rave been known to produce excited oxyn c n in s u f f i c i e n t

4,5,6ylelu

As t ito lifetime of 0
2 

( ‘hg)  has been rnc asu red
7 .8 

to h~ 231 sec in

aqueo’i- ’ solution , an excited oxyqen molecule c-an nol  diffuse appr - x~ -

mately 1 x 10 e~ bofore being quenched . To allow a r a..,c nab le  f r i t i ~~n

of °2~ 
‘
~~g) tiu - :apo l n c  the qas phase toss re-ruiro t h e  t t~ju~~d re-

actan ts to be - ‘ ~
. 
~-i i-  ;uch  a way -is t: c- ha v e a ~eun ii ;1 0rc;r- ot 10 ?\

f rom the source of t ’r e  s i nr r l e t  oxv q ~- : .  
~~~~~~~ 

ic 0 r~, - : j  , ~ of i,. -

reagents. It i I iff to u l t to mix l i qu id  i - 
~~~~ ~ts, i i .  vc so . or such

fine scale.

We have developed u ilter roit ivi. apr m acti . The reac ’ t s  q i ;

to produce snIq~ ot ox~ -i~ n are f o rm e d , i n s i l o - , in  ~ nerrOw ~i r~ .T on

the surfnc - of the liquid phane by n t i  licing he slow i r  f t  t on  ot

in a 1. i j urd . The qa ;es ur -~~ Ire Cl2 • t n i ~ l u , I ‘f W i . i c .

hydrolv,’c in - -~- r u ea u o  solu~ o n  t o  fo rm f t  r v p n l i l ’ r i t .  I ~I I. ‘rho l i ’ r c - r

- chosen ~~~ a cor c’~ntra fod II 1
2 

sol r *  j~~~i ()d3 or leon) t wi i - h

was .vId’~d t small amount ot NaQH . ‘ iri r i  u t -
~~~ l~~’ 5. - i a  i (~- hI (i i ’ e

ion and al~..ilinc H ,02 i~ - r r~~~~ - - ‘~~- -~uc~ i ’ l . i -  of  0
2
( ‘

~~-~~ ) ~ 0

— ---—-—V. -~~ .•~~-V- V~~__V~~~_• ~~~~~~~~~~~~~~~~~~~~~ ~V.• V-V~VV-~ V-V- ~ -~~~~ -V. . - - _ _ _ _
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excess of 60% . The reaction mechanism has been investigated7 in weak

solutions of }1
202 (3%), but the reaction in concentrated H2O2 has not

been studied. it is known via isotope studies1° that the excited

oxygen is derived cleanly from the R2O2 .

.

2

---—-4
— -— —-~~~~~~~~~~~~ - -—
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I I .  EXPERIMENTAL PROCEDURE

A. Chemical Generation

A flow reactor , slio~o in Figure  1 , was desiqned t’c, provide a

qua s i—co n t inuous  p roduc t ion  of O
2

( V -V .
~
). Tb .- r e u- :t or  wa ’ loaded w i t h

15—25 ml of H20,, usually rnal - basic by t h e  a d d i t i o n  of ~ aOH and about

100 ml of loosely pa~~k arl g las i - he l ices .  The ground qiass joints were

covered with a thick loyar of Ku1— F~~ ir’-ase allowing tis - r eac tor  to

turn freely when driven by a /tirrnr motor. Torninq the reaction vessel

sitows a recoating of the glass helices. The a’rno~.~ her-ic pressure on

the r oot er  ends slowly forces the grease out of the joints so that

after a per iod  of about one—half hour , the reactor will not Fir- tir c-h

by the in ye motor. A o r r osy  r~ ~ rAc t jot of O.~ ( ‘C13) is -observed prior

to this t ime .

Aft -r lr ’ idiri q . i n i  m o u n t in g  t h~ ‘- -c. yt or , too sys tem is p nrrq  oh

down a f t e r  o~ eninq a bypass valvo connecting points A •~o $  B (Figure 1).

This minimizes mi gra ion of the H 0 1 down the  nu~~~c- -~ tube . The V I ~~Vi ’

is closed in normal operation . A cold tiop With drn  Ic -n  and , 1 c n t c r c - iS

placed down stream of the reactor to tran i: 2C . and !-1 .~C. Af sr t b ’

dowu stream pressure stat-ilizes , Cl
2~~ 

gas (unpuritiel ) or C1 20 (see

rOction II.C) is aiJowed to flow t h r o t i q h  the reaction tilo ’ . ‘In the

latter case , the C1
2
0 is maintained in a b y  i ce/soeto: . - b,n t .~ (vapor

pressure ~-.l Torr) it-id rorr i i  throi q1r th~ reactor by a M o w  of H e .

A l oo r  pi ion -of e i t l an  r spa n l eg  on t ii. . 1 iqu id phase yel L r u t u s  h~ ( ‘ . ‘i q

which is observed down •;t ream of the reaction vero5el U- j i l .1 ‘~ar jan

Electron PO (,arnO TrIOt ic R’- aonaoce —
~~~

- - t ~
-

B. EPR M ea suro rnent 5

The i - t a i l s  of cc-i -- i t t . i t i  a mca ,r -m .- - tt - , i i  FPR sl ed r -

3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



are covered irk a companion report.
13 

The use of magnetic field modula-

tion and phase sensitive detection produces a spectrum whic h is

a i a p r - x im a t e ly  the derivative of a Lorentzian absorption curve at 1o- -

modulations. It is actually th0  f i r s t  hacmc, ic of the Fourier a

of the  aFso1p~~i o .  c o t  - at the n o du l at i a  . r - ‘j o -  oy . ’4 A tyl ica~

tIOnE 15 , I . ’~ f l  i i i  l]yu~~u Tb .  oak to pest: w i t . . ~nd s iqr i a i

heiqnt - - at :  Lu  r o t o r  :d d i r ect l y to th~ number i - - n c - :  t y  of the atuic t b~ q

When ccm~.arin-y differen t species W i l l :  h -0000k ,; rn~ yiieti C

i i t~a o ln  t n . -~~t ions , all inr,.truina ntal fac to rs  can he cietei-m~~neJ i.y

tO- .Ouri.j i.e area of he .SbUOtj:LiO: Cu: --c arisi ng f r om  kr own p r o o r  ~cre-s-

of a otacle speciec (0
2[

q])
1

.

A i~~~~~l an ~~~~ E l e c t r o n .  Paron i g r e t  I -  Resor,a ce ~p e , : r  1 ureter 5.10

10 ifr Cfr m ccc’ mr :r:-un: . Two d i f f -  : cr ’ t s- - i r r t l c  ~- v i i  iL-c or -no 1505 ,

a large sampi - access -:avit C- ( 2 . 5 4  cm d i e )  and a st,t~d i r ’ I  tic-jar V—~~53l

cav i ty  ( 1.10 cm clia) . The .:rnn , ic  i cr  oa .- i t y  15 l - - -~ :e r :o It :ve ; u v  n .LIO W O

0 : 0  of 7 inc: tapered p c-ic  p i e  ~ enat l ina  use of a h i  ~hec  reSro c-

magnetic f Le ld .  The h igher  f i e l d  ( fl k—; ) p er m i t s  t t t . : r:Led - :rnLfl .tCt Cot

I ( 2P
112

) .

I- ig~ re 3 s]:n;o a tc.- -jca i - xporime :,t-1 - -
~~ 

-u~ ( l a : q - u  0.~j f y )

Th~r smaller cdvitv _- orafigu r a t to:. I:~ ident I - i  -x~ - -j:t for a; d Pi! t - r

section which reduces the  f low d iamete r  t a  1.0 cm in i i -  ‘ q i o n  -

Ia— ~ru ic field.

FL iu rn-o , -i arid 5 show i 1-it s t ti - - ‘ ~k 1 -  a v .-r :.a,s i -teCsr.xe I i

the °2~ ~~ 
n. ‘t- --o-s ce h r . .- in es :. . - a v i t y .  The ‘ (- air . CC 5,0, -U t -

with i tol d (ia _op O h  O-~~~~t: ’,- r0 .tcor s :r. h r - . 15 - I L

b - i : k 1 r o ’r h pressure of t h e  - yst ni (-~.5t mic r - s of - i t t )  - Ext n-n ml ;0~~

wur’- run utrl:sin q a micr -aw .nv’ ii - n . ~i rgn ’ ( . 4 5  -Jl ~~) Ci 3 - n’ - duee  J (  Aol -

—
-—---— - - — - -- .~~~~~~~~~~~~~~~~ _V J
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The amount of O
2
(’.~ig) obtained using theoretical expressior.s

13 ’18 for

the line strength agreed within experimental error with the amount

calculated from the observed decrease in the ground state oxygen

signal when the d~.scharge was turned on.

C. Synthesis of C120

Chlorine (I) oxide is a reddish brom inr-—hike l iquid which boils

~~~19 - . 2 0
at 2 C. It is formed by the reaction

21-i gO + 2C1~ -
~ HgO . HgC12 + Cl2

0 (1)

The apparatus shown in Figure 6 was used for the synthesis. The UriC

(yellow form )—glass mixture was dried in an oven and l-acF:°d loosely

into the li—tube . A r egu la to r  pressure of 4 ~ ci g and a r e c o in  on 80

(glass ball) on the flowmeter was used for the Cl
2 

f l - ~ . The air f1c~ ’

rate was a dj i ; r r t : a I  to be approximately twice the CL f l . w r i ~ e. Pk i is

apparatus I c o lu c - e s  about 10 ml of CL
2

CI er hour .

- - V .— -- - - --~~~~~~ - - .
~~~~

--
~~~~--~~~~~~~ - - - - V

~~~~~~~
- ~~~~~~~~~~~~~~~~~~~~~~~~ 
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III. RESULTS

A. £12

Figure 7 illustrates the percentage of 0
2
(’~ g) obtained versus

Cl
2 
flow rate as determined via the EPR measurements. The crosses

r..present data obtained when the reactor was filled with loosely packed

glass helices and the X marks data obtained when loosely packed with

glass wool. In both cases, about 10 ml of 90% H202 
made basic (see

Appendix) with 1-2 ml of 6 N Na0H was used. There was no apparent

increase in Cl
2 utilization seen when the glass wool was used. This is

likely due to channeling in the glass wool. The actual partial pressures

of °2 
observed in each case are tabulated in Tables 1 and 2. The

Table 1. 0
2 
Production as a Function of Cl

2 
Flow

for Glass Helices

Flow Rate 
~~~~~~ 

02(’t,.) Percent above background
(cm3/sec) (Microns) (Microns) decomposition (lOOii )

0 134 — —

1.1 115 2.0 (11.8)

5.9 378 27.5 9.0

12.0 177 14.9 16.2

13.2 255 28.7 15.6

Table 2. °2 
Production as a Function of Cl2 Flow
for Glass Wool Substrate

Flow Rate 
~~~~~~ °2~~

’
~~ 

Percent above background
(cm 3/sec) (Microns) (Microns) decomposition (180p )

0 188 - -

1.5 183 1.2 (28.6)

2.5 396 12.6 5.5

Repacked glass wool

0 182 — —

1.5 277 2.3 2.3

1.7 287 7.1 6.2

2.5 367 18.0 8.8

6
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fraction of generated oxygen (above the background decomposition of

the H
2
0
2
) is also tabulated. In both bases , the fraction of the Cl2

flow which reacted was small. At a flow rate of 13.2 cm
3sec ’, a down

stream total pressure , largely due to Cl2, of 2 Torr was observed.

No O
2
(’t~g) generation was observed unless base was added to the 90%

H
2
0
2
. In all of these experiments the observed 0

2
(’t~g) fraction rep-

resents a minimum intrinsic reaction yield as there is likely some

deactivation between the reactor and the 1 inch flow tube through the

EPR. A large portion of this is likely occurring in the 6 feet of

1/4 inch diameter tygon tubing used to connect the down stream side of

the cold trap to the EPR flow tube.

B. 
~~~22~

- - While the generation of 0~~(~ Aq) via the action of C12
(g) on

alka line H
2
02 has been observed previously, 

we report here the first

observation of 0
2
(’Ag) arising from the action of Cl2

0(g) on alkaline

H2
0
2
. Table 3 summarizes the C1

2
0 data obtained . This data was

Table 3. O2
(’~i) Fraction Observed in the Reaction
of Cl

2
0 on 90% H

2
O2

Basic H
202

(1) 0.069

(2) 0.084

90% H
2
02, no base

(3)  0. 042

obtained in; ti ; - - -uma ller EPR cavity necessitating the use of high modu-

lation . ~~~~ i i ’ .’ -  nOt - - - an n i -l etely calibrated the EPR under these

conditions , therefore , can onl y ~- re s,--nt re lative - . l ¾ t c .  W h 1 1 0  the

O2
(’~ g) fractio n-; I t ’  smaller than Ih~’ ~ra I i- tm obtained with C12

(g)

7
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the down stream pressures are considerably less, being on the order of

0.3 Torr in the best case. Furthermore, some yield of O
2
(’
~~
) was

obtained with no added base. In these runs no carrier gas flow was

used. A low flow of He was observed to increase the yield slightly.

C. 
~-2 

Titration

Several qualitative experiments involving the titration of 1
2

into discharged oxygen were run. Seven of the 18 I(
2
P
3/2

) EPR transitions

were identified . No attempt was made to locate the other transitions.

The I(
2
P
112

) transitions at high field were not observed. This result

is to be expected since a rough estimate of the line intensity indicates

that the signal lavel would be below the noise level. We did note ,

however , that maximization of the I(
2P
312

) signal resulted in a complete

depletion of the o
2
(
~~
) signal. Since the only mechanism for I atom

production is

O
2
(E) + 1

2 
-

~ 21 + 0
2
(
3
E) (2)

and the only deactivation reaction of 0
2
(’A) that produces 

~~~~~~ 
is

°2~~~~ 
+ I(2P

112
) -

~ 
O
2
(
~~~
) + I(

2
P
3/2

) (3)

we have at least an indirect indication of the production of the

excited iodine atom.

B

_ _



IV. DISCUSSION

These experiments indicate that the intrinsic yield of the OCh /H202

reaction is greater than 16:.. Since the hydrolysis of Cl
2

(g)  and

C1
2
0(g) yield the same product , it is expected that C12

0(g) yields will

approximate those observed in r h -  (‘U(g) a xperiments . The failure of

Cl (g)  to produce 0 ( ‘ s )  in; pure (non basic) H C  supports the mechaninam~~2 2

Cl
2 
+ OH ~ HOCI 4- ci (4)

f a i r  the hydrolysis  of Cl
2

. In cc-ntras~ , the hydro lys i s  of C1
2
0 to

~i ; rd uj~ HOd does not require the hydroxide ion

C1
2
0 + H °  -- 2HOC 1 ( 5)

1- U ; 1.C V C , r e a c t i o n  ( 4 )  ir,dic~~t -s that C1 C) is t L a r c t i - ;~~ iy t~~~i -- se

e f f ic : e n r  as Cl in ~-r ,duc i : .  tOC1 -

The re ;c t I o n i C ;  ca rr  i C o a l  omit i ii hh- % 1120 m,i - basic wi +h It :)H .

In most cases the l u (t fh~ result mn:~ ~ a -nt ,t moo m,’~ . h-a - t’ , - - e  5 and 6.

7
Kaj iwara ar -a <- sr;;e love  a i r t e  n c - l a n  -~ t h a m  th e  aj - c  i mmcc - 1 - t  ~~- t o -

product ion  of C ) C 1 1 ~~-s ~ l i -~~ -H = 10. A in -ri - :i h a l  - 
~: -;rei r~~. -

e a r lut L - ;  - t d m m ; ~ - t r-d near -v + - thia L ii c - - ,ld t - t r m c - f - n , r r s a u ; - -  J ; - . h a

q ) y ; r - l d  t h a n  i - I  a - r v ~-d i n ;  th e s e  -x l - :  i ; . ia t 5 .

- - V.. V .



APPENDIX

pH CONTROL IN 90 PERCENT 11
2
0

2

Ninety percent hydro- g~ :; peroxide Ls .‘. acr - i ic  ;~a l v e :.t as siios;. i~~

its pH of about 0.5.
22 

We hav~- :r., -rmsur -a -: vj l u i  - o f  1.4 f-_ i r u m

: - m L t ; o; ~y )  905 H c-
C.

~ Ur  in t O n - b c -  e X p e r L m m ; a V r a t ~~~. C J V  to ~ h + a~ I 

a; 1 . c l r n g  e f f e c t  of a solv€ -a .  , 1 is 1j f t a ;lt ta raise th~ pH

a t  10% H
2
0

2 
wi thout  the ~~ -i i t  i m l a  of l o r a t e  - .j u c- : . I ~ ies of i t : .. . .i; . - t

sta n;d::rd 0 _ kmn - a n n .  pH m e t e r , t r i o  add i t ion  o~ 5 ml of 6 N 1 0 1  to 50 ml

or ~~~~ raised the vi i  to about 5 .6 . The a d d it i -  n cf  20 ml r.i - -~~-:: it

only to ‘).7. T a i S  ~~~ -~~t ’  a c - c o l a - v  +ted t im: dea :5m1 oc rt m a r  aa ana-o ~m ;m , th ~

; - ra x ; - --base 01x a , to ~ei1 wi th jim S c - m n -  :~~~ - s. rrhe v a l i d i ty  -

;l~~. s e1 -n. ;~ -c i~ p11 : aeu:;ur~ments of a -mo m - n I t  I . - ;  n c-rr xm d e c a a l u t . m e m .

ham S I ;  -- s t aL: J I oh. - 

V.

10
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