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Hg (374) ‘juenching rate of =*hane, nsopatturne aug profane but
Y

d=crease ; ~hose "ot Cyclopentane arng Cyclohexar=.' These

results are explained in . terms of a simplified JSorential
’ ) ’ / . . -

energy diagran’ compatible wi-h the processes known <to cccur

in *hese systems. | ' -
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. . .
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that .an inrcrease in temperasuyrs decreases the raté corstant
L] . .

' t h . Lo R ‘
values :or Hg(3Po) atcm guercning by . C«tyger- and' sulghur-
cort2ininy orgaric cempcurds. The formation of a (Ha (3P ) -

o f ’ . \

substra+2)” complex ts-imrlicated in th2 ‘gquernching wmecnanism

tne effectslorﬂdeu;efium_SU'StitUtion, it);;//p;é;osad . that
A . . ; .\\ ) .. N o )
. ' A ‘ : '

lecomposition occurs when the complex assumes a configura-

3

an a-hydrogan.
_ o ' 2 e ) ) ‘ 3 .
Pata obtaired from easurements " of <he (Eg(3FO)-NH3)

.complex emiésionb'inténsity t 36CC% indicates that ammonia

quenches Hg (3P ) atonms according to sccond ard  trirgd order

/



.

’

. . /
L 4 N -
2 three-fold ircrease in the sacond order *ate constant ovcr

kinetics at 28°C, bu+ by second ordar kix tics'only at 7¢9ocC,
. : -

this temperarure rang

may be attributed t6 ar increase in

(I)

the rcte of decom0051*wcr.

n

Pectroscopic studﬁec of the band zmission in ';he sern-
sitization of nitrcgen-xenon MiXtures <shows thafgﬁg(3p

atems are in 51gn_flcan’ in, the. Hg (3P)) sens::;zablon of

»

. The appearance of two or more intensity maxima at 25378

With time - ip

in flasked mixtures of r3rcury and low prsssures
E - ’ Cuyy ’ '
of,the, rar< gasszsg, - m=+hare, €than=, te trafluo*omcthanh'-?

e T T o |
n¢trogcn and dims tRVlethcr Las b—en obaerved The intensity'

'and the delay\time'bepween peaks‘depenis Oor the temperature, .

flash *ntep51uy anpd tha nature und pr—asu 'cx the foreign
"gas. - The Lcsult Qugg s *h= pbssibli y ¢f a2 laser procsss

in “hese syst e.s,'Cnly Cns Intensity rmexipum ‘was chserved
. \ SR
with addzd hydrogsr or eth len=.



< 4 ’
4 & < ‘
3. .
- 1 o ' ) . - L “
’ “ACKNOHLEDGMENTS - N
» . IRE€ Tauthor w&Sth tC cxpress h*s s*ncerc gra*1tud= tqﬂ

Dr,~O.P S*raucz fo; his gu dcnce ard aa 1s:an‘e‘ +hroughout‘-ﬁ

the ccurse oﬁ this inves:lqation. ‘ S %fgw i
, < s Ve PRI 1 ) i
d R : L e .tﬂ {-’,\ T
" [ R . ~ L I . T
The efforts of Dr.-_. M. Lown ip Teading ths MADUSCripe, o
S - T BEN o
a*n gratatully acknowledged .. oo e
J e i
‘7’,) 1 v
p " N - . ) B i = . e N ¢ .. '
) Spec1al tHanks gces. to. 2. Clement for his-Help Wwith

soma cf the exparlm ntal work

. - ) LN 1 - .
'Er.:H.S. Sa%ﬁhu; Pr. J.M: CameAII Dr. Z.5. McDarniel

"'and Lr. s. c«nzzs offcred much c0ustructive advice znd many

' st*mulatlng alscus:’ons for ‘whibn the author is greaily
o / !
apprcc*a ive, e '

Th? ~a<51s‘anct frem
gﬁBup ard ths co- op» a*;or

i

eorront 2r2" Jglass-
v » - : ’
blowlrg ohops 1s appl»cva«ec

',The

2
mowych, for Tagsment
during rhe

Urnivarsity of

Canada - duTing

. €



TAELE OF CONTENTS

f ‘ | g : .
. . % v-: (
o ' . | \\5. - o
0 ABSTR ACT creren u * e 04 00 -':'o- ®* o000 0 L I I TR PP,
. . : . " T .
ACKNOWLEDGEMEINTS e

/ R L:ST OF -:ABLES .-lv.!‘.l.lli.I"..0'.‘..‘..0';IQIQQ"

- ! - " o
e LIST OF FTGUEFS ...........................1.,.44.
vn‘“ e . s - R .
CHAPTEE I. .LN.LRODUCTICN ..k....»..............'.....n.
B 1. Me rcury &S a Sensitizer ettt
o : .
- Lo - 2. Relaxatior Frocesses in .Mercury
.’\ N i ‘ ., e S
ST L S= ns zat~ ....;...................
Z . o 't a. Imprwsonm nt of Re:onance Fadiation
g N s
sl P : b. Zxcimer Fcrmat 0Nl ettt nnnsnnnnsins.

SRR S ’1'ﬁ‘ L c. Quenchingof Hg (3P,) itoms ceean
R 1..Tte FhLysical Method ......
1'ﬁ_'  : ii. The Chemical Msthod ......

Cen i4 4

- Real ‘Time Method .........

Lo

f?éféﬁv;m1551on Intensity. .
5,§ RClaxat“on of Hg(JP ) Atome by

.p e flﬂy“ Processes Other Than'QuenCtinq,.

s v, w

L ™ | /

1 B A .

- .
L3

. .

1 - .‘ 5 -
-5 -

;,.25372'Delayed Fluorescernce

7g?§f5 V'\ = ,;ﬁ  * 4. Production ahdvDétectiQn.of Hg(3PoM
| 4 *A;omé .;..........;..3.........;;}
"i.:&OL?g Lbsorption .;........;
\_;/gGﬂix, b35ef ang Sur1f Tmissi

. Zjection of Elactrors i

%]

PRt
—t
a

Ak
™

.

(] [89]
(¥%) 0

[\
[FY]

2u-



v S\ 8
“AFOF o ANTENTS PR
. ! N
a ‘ 1. chirg . fa (3p ) Atoms by )
. To7=2ign Gase R T T ST Tr P
F.iInter: ion or Tye goc Mercury Aroms wWith
5 . ~ .
Varic R .
&. G_ound - SUTY ATONS .u........
b. N »gern ., R
'. -~ '\
C. Paraffins I I o A
— ( .
. -d. Evdroger ..;.:.;................... .
t . : ’
— ' €. Ursaturated Hydrocarbors 1......... .
. . . . ’ 1
f. N;trogen—Cortalnlng Compcunds ..., .
I. Ammonia T
: S .
v 1i."2liphatic Amines L
9. Cxyger-Containing Compounds
) X . o . . )
' 1. Water I
' 2i. Alcohols R I
Ha 1120 Evhers ol
N. Rhare Gases Cee et et e,
-, 4. A®ms of th-= ?resent R2ssarch ..., “es e
CHAPT®R TIT. EXPTRIMENTRL R,

Rt

ix

(ad rN
(& o

vy
tas

W
-

1]
[Py

Apparatus

'a.'ThefCi:cul%:ipg SYSUSD et i,
i, Cely~1amp Assembly R
ii, THe Filtertﬁolhtion ceed

- . -

1]

‘n LN
ta) (5]

n
[g¢]



e

T . TA)BLE OF coNT’EN:S\e

B ]

*ii. The Spectrograph et
“ S : iv. The Light Dstection ard

e ' Fecording Instrumsnts ........
. : S - :
!

v. Data Processing R LR

| . : : '

P Vi. Operating Procedure ..,........

¢ ‘ ‘ :

b. Tne Flow Systenm St et eeccer et aanan
. C o 1. Emission Cell weuveieveioatnn..

ii. Light Source teet st ittt enan

s

iii, Phozograbhic Plates‘.;....;...
. o J ‘ .
V. OperatAing ProcCeduUre .....e.o....

2._ M«aterlals --q-o-o..--o..-‘l-o‘l-v-'-l.'n *«h oo
o , . : -t
) "

Y €paPTER I-T. INITERCTION OF EXCITED MEECURY ATOMS

- ’ -

1. R

. sults I I T T
s% :

1]

o
PIY DiSCUSSlOn l.-l,.....to--o.'oc-._.o‘-.0.-.!

~

CHAPTER Iv. INTZRACTION CF Hg(3P,) ATOMS WITH

ra

FCREIGN G25ES tuuiinieieiennnnnennnannnnn,

1. Isotopic Hydrog and Hydrocartorn

....\....,V'.......v.:.

&

. . R Lo ‘
b. Dijcussion B

. ) . o . : .

HI:H NI’IF\OGEN -...v........-....-.'..B...'

{ro
1w
Vo)
I

of

. £a
. 590
. &€

. nu

L]
Ne
w



// BIBLICGEAPHY'.;.............f.t....;.im;.,LH.J;...ﬁ...
S : : . - 0 :

CHRETTE

CHYAPTER

2

CHAPTEP

APPEND.IXA .oo--oo-oo‘.‘.-ro-o-oo-ood .. i--.-o;bo.ooo-oa

. 4. Ammoria .

xi |

Y

TABLE NF CONTENTS

/

. ' (o Y A v SR
2. Cxyagen- and Sulphur-ccn*§£n;ﬂ3 Compounds 163

Y

a. F=sults

..ot}l\_l--o-'.tan‘nooooooilncnncinol “ 1:6

4

b. Discussion

-~ . 2 )
e Arometic Compounds

Bl

11

csults and DPiscussiorn D
o':o_-'on.---'-/.o----cncq'..-no--o‘n-.o' 130

Ca. F2sultd and Liscussicn et iee e,

V. IMISSION FEC¥ FXCITED MTECUTY. +

w
=
lpel
s
]
=]
y

Al i .
XRSYSTTMG ....5..«...z....................,.. 127
! : . :

M

A I A L T

1. Fesulis ang Discussidn
w

2

«®

o~
el
+

n Hg 4 N, + 3i§:§ystem¢ ;.;...,%......; 2luz
’ o el ) ‘ o
C. Hg + Various Substrats Gascs T TS

. L ‘ ‘ Y o )
COMILEZX TIMEI [HREINDENCE OF

vy

IN Fa(3P,) + SURSTRAT®

jeal
3
wn
.
.
.
.
.
.
.
.
.
.

Fesulif "t et e s e e e e oo e

Diécussion 168

o-o---.'ooo-o‘-.»-uo-’oco-ooo-uoo-

IT. SUEMARY AND CCNCLUSIONS R

/

104

e

143

17s

722



TAELE O CONTENTS

/

APPENDIX B v euveeeeoinnnenes

>
'Ed

APPENDIX
¥
AFPENDIX D tiivennnnsnnsnan.

/

M N I I

-

O A S
N _ .

\ '

/

ot

e/4 e 0 0 0000 ewee
. [

L) "'I..‘."ll...
(%
Y
~
R
[
e
N
.
‘ !

Coxilc




TABLE

f .

77

«

.

.

_th% PhYSlCdl ard Chwmluﬁl Mathodq .

. 3 . w . . N
_/Cugpcn;ng at a tor Hg(3%$) Atcmﬁ.by Ardmatic

XftR}niustar

Ei Y ! -‘ -
S . - © o
] , o ’ w xiii
. . * '
;o : e T 4 ; ». "
/ r oA v » ] ” o 2

LIST OF TABLES ~ . A L%

. , .
. , B } ) - v v /A
5 C e o ot o L ’ p L
. H . . . .. . - A
' L . ¢ £age .

) «a G . P ’ / Ay k'
Qu= nch’ng C*osc Scctions for | 1g(3D ) Afbmé hy S -
. A ’ : - ‘.

e eee ey ¥e
o . N > .

Cuantum Y1Clchf : Plr O b1t Felaxa+ “ilon of L B
@ - ' o

~

Hq(?? ) A*ouns :.,..}.:...t..;....;..

-n.-...--..‘ : ‘1'
» <« N "bv - - ‘ b)p‘" . . /.‘ . \,4—’;“~ "I-L
Q“"“Chl“g Ciess=Sectiens for 1g(3z,) prions SRS LR
© - . i
¥ ) .ﬁ. :

RA*e Constcrtc tor.’ neac*lons of Ammo. a, Water Lo

“and @lconokﬁ Wi h.W343PQ) naomc :.....h.........' BB
L o A ) e . e 7
Rauf tent clUrF Hmyl@ch ir'<he Kipetic. = ., _ Z
: .. o~ . ' B . ‘ ”’ : . l"v
Calculatﬁqns in the Hq(}P') + N, Systen T e
- - LA B B L B B .o
"Qua k v . | o )
ian 1— . s i
u nc _.Q\Pdtq or, Hg (S8R o) A*om< by sozp;;c
% ' > ‘ ‘
Hydrcgsn —rd “yu"ocCrbor “ol zculss Y Loou L.l ez T

‘Quenchi }a Echc s£or Hg!30 ) Atoms by Cxygern- a%d
I 7 N .

Sulphur-Contai *rd” omp UrdQ ) ' '
= 4=l t K LA A R O T S, 1 '-0
. - VA ‘ - : LR

Ne tor Ip:'thelQuenching

. .

.'n‘

(o)
Hh

ISR

v ¥ - ’ .. a. . .
HG (31 ) Atoms“«ytgxygen—'and Sulphur~ - T -

o . ) o
L R ) . o LR a
Con=aining COMPOURAS vueuluuedeuinebnnn..? AT R

“

- e .““
COmPOUnhg'.r._..'_ n‘-l-.....uot;..‘!'.’-o.‘."lo.‘..o’-o.. ‘.1:’3
- . C . o i o 3 : T
~Pelative Trteneity and Ssparation o« the ‘
S L EEEEPEE R

Tmissiorn bend Maxipa From the 23378 . .-

(39,828 cm—1) 5€s?%;§Ct Line for various Et@;ré Lot



a7 -
- P o S
- LIST OF TABLES v
, . g 9 .
TABLE ’ .
, XTI Collected Data From Time Dependfncé of 2537%
. Tn:é:sity»ﬁeaSureMGrts'in Seﬁzra . !
- o - NS
‘ Ha(3F,) + Forelqn Cas Sys ‘ems .;..............
XIZ " Tffec+ of Wall Matarlnl an Surfccc Treatment
on .ths nelat'véul ter51ty of Triholuminzscencs
: . y
K from Ampulcs Cortaln ng Me Ty and Neon .....
XTI ;delaulon of -rlbolum*nescencc Intensity With
' —_ - . L e : -
’ Prassure cf Several‘?oreign GaSeS ittt noea
XTIV -Compa:ison cf Maxifium Imission Tnrersities
' of- Va:;ou< Foreign"Ga§€§”?ﬁfw;....;......;....
-~ . . - . . o } ” / ‘
XV Fmission Cncrac*:rlstics From Sodi um,nmalgcm .
- XVI Er oduc* Yields f*dﬁ the Triboz L~chr1ccl

Discharge Decomposi<ion of hyu-ocarborc
‘ ’ : . : » oo '

én‘é_g _I‘.—E';.......-.j»:. A LI I IR I AR P

/f‘_ S

('»

2
Ve
[fg]

57
20¢
21¢
212
218

y



FIGURF

18

.nitrogen bath»pr¢$surts

¢

' - » o
{ - LIST CF FIGUPHES
7 :
. .
L . ‘ A
Lower =xcitzd states of ‘the mercury atonm
“hz circulating System vacuum apparetus .

S

Flash }ahp - cell assémbly

/T vs nitro

1/t

Tim  izperAd=z
807 torr
1/T vs CsH

VS neo-C

1/r:
T
1/T‘VS‘C-C
1/t
1/1

vs

/T

¢

/1 ve

vs

Schematic po

*L\

interaction of Hg (3P )

alkaﬂes-

1/t ve C,HsCH concerntration <n qiffer

gen

nit:gg;n

-

a

‘concent

sHys

terntial-ensrgy 4

810

pIessur= at

concerntratior

= of 45%C8 band

C

ccnrcentr

R

'

b
< .

~

and - H:

[

e

!

o

used in band emission studics '

ChyCL,CE; ccncerktration

(

Rty

.

[N

vs HZ and DE concentration

-

q

3

2380cC

T

vs' CH, @détCéHé'céncentration

<

— A .o u o~
Ve €-CgDyy arnd c-C44,, concs

-

Catq ard CoL4 conceéntra

(]

s}

n

. : Ceptt .
] - 1 =on
6sz ana c-Coty, conc=n

yetem vacuum apparatus arnd c=ll

iy -

i
+ 2¢0Cand

tration

_i4C4H,, and n-CaH;o concentratior

Oh .;-.k/
am for +h

m

> . te -
C.-...l.'oo.ll.o..'.'l.'o.ou..i.-

M

[t

r

w

s

" e s 0 00

e

. e}

-

ith

® o o 0.0 0

Xv

lgo]
I3
Yo
I



xvi k}
Z ’ - ' A
- LIST OF FIGURES - ‘ R
L . -
FIGURE ‘ . o ‘ Page
19 /T vs.CH; CD,04 _p* CH;CH,OH concentfation e 1C6
20 /1T vs (CHy, *nncehtration’........;.:......g 107
’ . . < N
21 1/7T vs (CoHs),0 concentratior vveveeun.hun.. .. 108
22 3/t vs (CH3CD2)ZC concentration ...,,..}f..}i.. 109
‘ . - R ¢
23 1/T vs (CD5CD,), C concentration ...eeeeneeann, ~11¢

. 24 1/T vs CHySH conqentratiok . T 111

25 1/7 vs CzHsSH concentration ... ..ovvevun... 112
5 o L ) S
2€ 1/7 vs (CH3), S CONCEeNtIatioN weieereeeenooeeens 113
. : <
| i e
27 Ar”honluc plotQ for (C )20, (CH3CD5»),C and
, ~ i . _
(c Ds), O cub:tratés ...._.'..;_.._..._..._.‘_._A, 117
28 Arrhenius. plotc £8r "(CE{, s, C,H:SH and ' 3
CH, SH subs*rates .....;.......;....;...;.f..... 118 1
29 ch»matlc conflguratlons in Hq(3P )~quench1ﬁg by (f~\d
. : oxygan conta;rvng organic compoundq R R 123
. -~ o ! )
32 1/r vs C¢Dy, C¢Fe and CyHg concCr+:atlon e 128
o B 4 -
31 Wate data plots for ‘he relaxatlon of

hg(3P ) &toms v ammonia.

"\ .
XJ top: 1/T ¢ [NH;] vs ermmonia concentratior

[N

bo*tom: 1/t vs ammcnia concéntration ceqecesenns o133
1t132 Schématit"poténtial energy diagram for the . N
'1nteract10n of Hg(3P,) and H§}3P1) atoms with
ammonla ...;..........y..;f..;...;.1.14.,..,}.. v,135
/f//h . )
) | L=



xvii

o )
LIST CF FIGURES
g ‘ ' ' :
FiGure & \ 7 Page
, N . - i i
. | | 5 =
33 Microdensitometer traces of (CH3)>, 0 and (CpHs),0
band emissicn spectra ettt ettt ettt 138
3y N*croden51bometcr traces of C HSOC(CH3)3 and . B
»e*rahydrofukan band emwsswor spcctra . 2
i? Microdensitometer traces of band cmission .
.- spectra of _EJC3H8 mixtures’....,;...;.;...., Tuy
- N . : ' s
36 ¥icrodensitcmeber traces of band emission
, n / ‘ S s
Spectra of N, + Xe mixtures R KRN R R TR 112
: . i : :
N - ,;*/ o R :
27 Typical *ime dependence of the'2537x_intensi;y.
N ! R \ ! . : ) :
A: flash profile, & &and C: distortesd flash
¢ curves, D and E: partially resolved shouldsrs,
- . ] - ’ T N . d _
F: two separate peaks I I T 1us

VS RElium FreSSmre it ii e i i e 152
. . . . o T = _
4G 'L" VS KLYPLCR [IESSUTE +uiveonw, d et e e e 2133
41 ln(t") Vs neon, arqon and xencn prcssu:‘ ceeses . 158
uz ln(*") vs held “un and krypton prcsche N 13€
L3 (*"-t')/cubs*ra te pressure for argon .
k4 . . . .l . -.._7
.&nd xenon M e I T T TP 157
(B4 Time deperdence of 2537f intensity irn the )
Hg(3P1)+H€ system at’'vagious temoeratnfesv(.... 138

&
(94]

Time depcndance ‘of “253 7ﬂ 1ntenblty in the

Hq(3P,)+Ar qystam at various témowraturGQ,..,.

"

38 t" vs neon, argd ;ad Xenon ELESSUIE ...uu..... 181
. | | | 2
3% 4w oyshald |

.(/



4 xviii
Ny " LIST OF FIGURES
/ . .
L \
FIGURE . : Page
v ovs tempcraturc for hellum and arcon‘,.,...{. % 160
.47 t" vs n1+rogen pressure t.................{;;{?_ 162
S ug t"'vs dlme*hylether Fressure trtesseiseieadil. L 163
49 1n(t™ vs nltrogen pressurc Ceetteiaietaeennen. 165
50 1n(t") vs dlmethYlether pressirs B R A I T
51 Slopss of 1n (s curves as a function of the

“ionization potentidl of gﬁé noQ}e”gases seesess . 17C



CHAPTER I

N ’ .INTRODUCTION

The Processes by which an energy-rich

atom or molecule

becomes thermallzeéeare of fundamental 1mportance in Chemi~

cal krnetlcs. In phonochemlstry, energy is
System 'by absorptlon of electromagnet’c r
betueen 10,008 and 10008 which provides
range 23 to 230 kcal per ndle. The exce
sipated through phy51cal proceeses such as
througb chem;cal prqcesses‘ sich as the
‘isomerization.of a mciecuie (1. |

- Electronic excitation can beﬂbrought

K

. . .
he transﬁerence of the ‘electronic e

sen51t12er atom or molecule. rn a photosens

consecutlve events occur:

(1)wabsorptlon of radiation by the se

(11) transfer of energy (in whole or
sen51tlzer to the acceptor and

(3 11) the processes by ublch the accept

a consequence of (11)

n undefﬁtandlng of such a photocnemlcal sy

'e1u01da*10n of all three steps. The 1nform
@
! d°SCIlb€ step (1),_such as the lifetimes an

introduced into a-
adlatlon, usuallyy
energy in. the
SS energy is dis-~
: Pam

"luminescence or

decomposition or

about indirectly:
nergy of a photo-

itization _systen
o

n51t12er

in: part) from the

or 1s relaxed ‘as

stem requlres the

ation required to 7

TN

d energy. content

‘.



of the various excited states of the sensitizer, can :be
determinea from spectroscopic properties. Steps (ii) and
(1ii) may be eluc1dated by conslderatlon of the phy51cal and
¢hemical properties of both the s—n51t12er and acceptor .aud
the effects produced by the’r interaction under dﬂfferent

experimental conditions.

The extensive amount of work vhlch kas been reportcd on
metal atom sensatlred r-actlons in the gas phase is due
'orlncrpally to the conceptual slmp11c1ty of such systems and
the avallabrllty of pertinent 1nformatlon necessary to 1n-

terpret the resultC

B

The essential requirements of a -good gas phase sen-

sitizer are:
\

(1) a chemlcallv inert grouud state w*th a comparatlf
vely hlgh vapour pressure, _
. (il) well defined ensrgy levels'uuich may'be' populated
by absorption df‘ radlatlon with - h;gh extlnctlon
coefficients and

(iii).upper states that exist long enough for extensive

energy transfer to occur.

These properties are exhlbﬂted by mercury\ulthout recourse‘

to elaborate experlmental procedures. For thls reason, it is-

-
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FSna ty
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not surpr’51ng that the f*rst example of arergy transfer (2)
A .
‘1nvolvcd mcrcury &s sensitizer,’ Mercury cens@"*;zatlon has

beg; u i exten51v=1y as & model photochcmrcal systam, th;h
Y R

is rCflectad by the largc number of - papers and several re-

¥

view§,(1,3;u) on the subjec

The ground state of.rhe'mercury atom, Hg(1s,), here-
arter denoted simply aélﬁq} has a 6s2 lcctron*c conflgura—
lOD which is converred to a €sép eonflauratlon by ;the ab-
sorpt:i pn of rcsonarce rad*nt*on..Dependlng on the spin 5}15
entation of the'two_electrons, a"singlet :r.?\vtriplet ,term
ﬁéy resﬁlt ‘(Frgyre 1);, The. singlet l;vél ‘Hé(lflr (Hg'),.
which iies 154 kcal atove <+he grpund- stat:, is popula*ed by‘
absorrtéon of the 18u0X r= scn;fr~ line, Absorp qn at 2527%
rnduccc transiti on‘:o the H.(3Px) (Hgx*) state whicr, is ons
fmemher of the triplet manifold tnat includés tHe Hg (3P,, ard
;Hq(JP ) (dgo) sta =€ ; Streng spin-crbit cohpling-gﬂves Lise
to larg~ erergy spl fyring .between the ;hrée' lsvsls. The
(7F;) ;\s‘htat‘e_ lies 12 kcal above afd ths (3p
“below;rhe Hg* state wﬁich is 112v‘kcal arove ‘the_ grouﬁé.

state. i

The 'spin-orbit ’rteractron in heavy atcnms _cuch as

~

mercufy i° dascrlbed by j 3 coupllng§ ACCOIleQly, Only the -
Jd quantﬁm number has phy51ca1 51gn1f1c:rca ard the proba-»
bi 11°y of radlatlve tran<1tlon is goverped‘primarily by the

Jd SchCtlon rules.,;ran51tlons which violate <hes=2 rules,
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such as Hg(3P,] —> B9 (AJ # 2) or HgO —> Hg (J=C %> J=0),

- are fcrbidden and appear weakly in the mercury spectrum. The

[
i

[

‘s=conds (%), while the forbiddén tiansition HgO -> Hg has
natural life+jme of 2.0 <secohnds (5} . The Hg*'—> Hg tran

'Sitior, which is intermediase betw%én 2 fully allowzd ard

AS = ' selection rﬁl%lig\gglaxed to the extent that several

intercombination lines, such as the‘25373 resonance line,
appear with high intensity. Cf th=s two resonance’transitions
at 1849% ang 25313;‘on1y the Hg' — Hg is fully ai%gyeﬁl

finstein's formula fcr radiative transition prokability

~

shows that ?he.greater the probability ofp-absorption:‘and

emission - the® shorter the radiative lifetime of the upper

state. For example, - the Hg! —é»HgQ ~transition, - which is
completzly allowed, has a rediative lifetime of 1,31 x 13-9

-

-

-5y

fully fortidden tramsiticr ‘has a lifetime of 1.741 x 107

seconds (7)..

4]
[t7)

Absorption of radiaticr by an a*om is governed by
p Y g9 ) Y

Beer-lamb=rt law, . : ] . ‘ s

I = Isexp(-clc)
S B

Mm

where, Id.'is.,theainteﬁsify of inc;dent radiaticn, T is +h

- - ) \ - ’ e ‘-
radiaticn after passing through a distance

e,
=
+
A"
3
n
[N
ct
<
o
+ H'
ot
o
D
2

1. of the absorbting specles, € is the extinctior coefficien;
and* ¢ is the concentration .of. the aktsorber. BRoth of

mercury's resonance transitions’ have high extinction coef-



.

x_F1c1erts so that evep At very low 'mercury concentratigds ot

’o_ 1 ) . >
shorf?ﬁpath lerg-hs, a ccmparatively high concentration of:

excited atoms may be readily 6btained, Xn experiméntal dif-

- ficulry rGSulting frdm thlS fact is the ph~nom°non of

imprisOnment the repqued absorpblon and em1551on of pho~\\
tons at the rescnante uavelength before Lhey GSCape from the

c211 \‘yh’s has ‘he effecL ‘of lengthening the apparen: radi-

ative lifetime and must be taken into accourt in kinotic

'Studies based on the lifetime of the excited state.

2 general ‘mechanism for the .relaxation of Hg* atoms in

the presence of a $ubstrate 2 .is listed below:

. £ y
Hg + hv(ESS?K)'—é.Hg* | 7 (11
Hg* —9 Hg + hv (2t 72) ' 7 t 23
HgE 4 h = (EgA)* | co (2]
¢

(EgR)* —> Hg*.+ 3 -3

€.

N
(Ega)* => Hg + a* (or produfrs). (4]
-

(Hga)* = HgO + 2 ' -,,_',tSJ )
(Hga)* = Hg + B + hue - 81
Hgo + A - (Hgh) o . (7]
(HgM o > mgo +x .7y
{(Hga) o ;9 Hg + A* (or érodhcts) (81

(HGA)© —=> Hg + A + hu"., .- 19



Y . ‘.

The pr c;pal mod@s by whlch ‘Hg* and Hgofatoms are relaxed

/

{

will deperd {on;th#‘nature 0f the substrate and the =xp=ri-

, _r

2, - - . . —~ -
mental .conditions. The lmportant featurcs-_of -«cach procsss
. ~ - . ‘.' - ‘

are destrihed telow,

- X e & . N
(2) Impr1sonmant of FEsoMRLNCe Radiation.

N . - s

In the absence of a‘qucncne Hg* atoms relax almost
. < - L] .
C=xclu¢1v<:ly via reaction (2] However,.uthe~ rate of this
process is greauly Anflucnc 2d by 1mprlsonmen* of the\{i?i-

ation.

Ir theorestical trsza tments of imprisonment, the Tatio of
the simgrisonment lifetime, T, to *h= nzzurel 1lifertinms, Te s

rd
1s’ expresszd in terme or the opacity, kl, where k is <he-
‘absorption coefficient at the Ccenter of-the 253272 1iine  angd
is ‘ai rec‘ly prcperticral to  the MmeTCUrY concsn+ra+ion.

N

.Cnrta n ideéiiz;tions cf <he cell gsenme *ry, ranrelv  ths

."infirite slab" and o vinfirive ~Cylinder™ are as=umed to
minimize. computaticnal difficulties involving 1. /7 The

‘ ; . . Y

~earlies+ " stud 8) trzated ths problem as a diffusior phe-
| problem as a dirfusion p

nomsr’cn. This was later modified by Samsor () whe used an .
fquiva. .~ opacity, - k1, which allowed for the pessibiliny
A . . ‘ : :

4

*hat the frequency Of the sScatzer ed radiartion may bs differ-
ent+from tha*aot abscrbcd rﬂalatlon du— ;o Dopplerz bToaden%‘

‘ing.. Holstein hasvderived a formula for- rhe_"infinité??fab"

En - - . - . ) . N

and ":infinite ‘cylinder™ (1{) geometries,'ef €r .corsideratior.



1 . l ' .o . ’ N k]
p ‘ : ;
of. kovh Doppler and dlspersicn brbad@ning,'which agrecs wel

\ ®

with fxpsniment‘(71)lfor mercury, coﬁ?entrétions l=ss -than

msrcury coqgentratlons

J

1216 atomé}cc. An | expressié% for
: . 5

g:eafer than ﬂh;s has also  pezan obtained (12) Holstein
solvagd +'hs Eolizmahn-type 1ntegrod ffe rent 1al transporz
. Rt 4 DA
‘2quation . by variational ¥techniques whila. Bibermar (13)
v v Ql

solvzad vthey‘eqhatiog by tﬁgefical ne2thods. Fefircme n*s‘of‘
Holstein's calculaticns tc include the effects of Eressure

fbroadening and the hyperfine structure or the 25378 1ipe

A ’ ¢

have leen rep orted by, wclch (14) Yang (15) has detefmined
‘an ‘zmpirdcal ,elat;pnshlp ‘o def in: tha imprisonment at low
MECCUry concentraticne:; ° o W

(b) Excimer Formatior..

1%}
m .
—

a

“he

of an excitagd m2rCury-supstrate complex

Xisterce
as. an. interpedia<s in v he querch’ng of Hg* ard Hqgo atoms
(reactinns (2] 2réd°( 7)) has besn inferr= d from ths detactior
‘ \‘ . A . -~
of bard emi551on (reactiqns rei: and,~[9]) “in drradiated

. . Ao _ :
mixtures of mercury with severa: substretes., Conplexes of an
. ] L . = . I

1
=
(')
rt-
m

d state spscies ard irs ‘ground state ar= usually

'erenf./ground
i '
F

*h

called'excimeps while <hcse formsd wi*h & aif

|D .

state spacies are refsrred to as exciplexes, Eo*h//y’es ars
r . » B '

found ir aercury sens; ization. . Tha uec B and ~he 33508

emission bandc uh*ch appear in “the speC"ra of ma rcury vapourq

originate from’ the,ngzA(3C;r (Hg, **) ara HgZA(31U) (ng*),

» N . -, ) ’ .
Lan e with a ground state mercury atom
A , o




»/5‘& o |

\
e

. = BN &
F _‘\, ’ ~ ' ’ ‘
andsa Hg and'H;* a

plex fcrmation
@ .

<
atom respectfvely (16).
ir thé,interactlon
atom and ’

rars gas atoms

(17,18),
and methﬁnc (21)

recently,

(1¢
Wit

2?0
nhas been reported in

rc € ga\
radlat cn.

1S thus «

This phenoméhbn

wWas
i

fvidence . for exci-

*betwe=n ar =xcited mercury
water

ammonia (27)
. .
in early studizs. More,
band emission has been obsecrved ip Xtures of Hg
h szveral paraffins (22) and‘med%um rescluticr specira of
" marcury exciplexes with co Noo H,0, N4,, SF,, <¢thanol, <he
rare gas2s, fluorinated methanes arnd peraffirn nave -been |
described (23).. = . ' ’ 3 A
) . . ? . . - . .. .
o Stud’gs of the ba -emission from c0n lsxzs cf mercury
and the nobl» ‘gases (24+2F),'émmoni, (26-20), wéter'(31,32),
- o . 5 % Col ' . ‘- ‘“ ,' )
alcphclsv (32,?3),- ar_nes (0b6;3%) and other substratss (36)
S ) i . ‘j!,‘ o o "
- © have produced useful kine<:ic and cp-ctroscop c
= These ’ inves t gatiorns have provided Dle cvids=nce thax
.+ laxation of Hg* and HgO a+tops irvolves <ths format
exCclted  me ury-substrate CceompleXx ag aigrfcu
Lor those substrates for which €xciple fnission
. : N ‘ ” : © - .
observed . ] R
L R lv_ o o e '
" (C) Querching of Hg(3P,) Atoms. )
Thes  formation cf a Fq* for61qn ga complex, whe+her i«
ex ists for one or mary v;brat’cn resulk 1L & ascreass  irw
the Hgx*x' populatlon which is ¢ denCcd by a decrease in th
intensity of the 253 73 :luoreccence. A substr
said *o quench *h@ resb



RS

\ £iTst - noted by Wood (27) with hydragen as the foreign gas

dnd was ‘later associated (2) with an Snergy “transfer pro-

cess,” ive. quenching, -since hydrogen atonms were produced.

o,

In the gas phase, energy transfer occur< as a result of-

"a bimclecular coll*51on be+ween th—-Hg* atom and +the subs-

‘ trate, A, For thl~ reéeason, the quench*pg rate‘cohstant, kq,

7

J

is’ UQUally compared to, thc gaQ k*nctwc colllslon frcquency

z, by.*be T= latlonchlp

- . - My, + M, )1z
7 = kq[2] = o2 { gnpT —Fo

MHS MA

Whe:e'ﬁHg‘iSAthé atomic weight of'f}%éggry and - My is  the

atomic (or ' molecular) wsight of th: ‘substrate. 82, the.

—“T\/ : N - . . .
guenching cross-s=zction, exprssses the relative efficizncy
of +he gqusnching .frocess ;with”fg$p6ct to *he gas kinstic

R

1.coilision “diemeter and is ‘*ndependen* 'of the relative

ve 1oc¢t1 s ‘of the coll iding partlclcy.
¢ .

- A

TWO :echnigues ~2re - commcnly used to 'dé:erming-thef

QUchhlrg Iatc censtant cf rcactiOn‘ [2]. Orly a’ gereral

outllne‘ of the.théekx\crd proc dures'lnvol$éd UM "éngivégg

Lers since these are’ well documented (1,3).

{1) ThéAPhysicél ﬁéthod..‘ _A ‘ . . ‘ ;
_)i.- o : .o :

*

:
-

Undaf conditions of continuous ' irradiation, kq 1is

ob+a*ned by  measuring  the. difference. ir *the fluorescence

> By ' . . e

N L . . B -.. .‘\/ r

)



\

‘fntensity in the presence and abs®nce of a s ur-trate and at-
. . 'y : . . .
trfbuting this difference to +he . compet ticn  from the
- . . .
' . . A . . ' '
guenching gkactlon.gThls can be illustrated by reference to

pyT—

a simple Stern—Volmef mechanism:
. .\ - ‘
- Hg + hv(25378) - Hg*
Hg* —> Hg + hv(2537%) ko= 1/t

"ﬁg* + A4J9~Hg + frodu.cts. kq
A stegdy-stat=s treatment of the above scheme offers <the

exprsssion . )

s
7

AP TkglA 1

s

whete I and I, zepr=sent thé 25373 inténsi+y measur<d; ir the
presehcef and absence of quencher gas respectively. Tf 1 is

_knowh,'kq‘is obtained from theé lepes_Qf I/Io'vs;’[A]'plotS.J

¢ usirg equation

Tiw

it
M

N 4. . e . . o
- The .quenching cross-sectior is <hen 4

[10],v Tt t+hs morsv jéta(iedrscheme (see page €) s consi—i
dered, k? ;s rep1aced;byv.’,4 -

(ky+ kot ks)/(k_ + k:s’* k{,+'k5)'”‘—‘"kc;
4 ” ’ : . .
This pe{Hod accounts fyé.the toral quenchirg of 'Hg*' irrés-
pactive of the the number of channels by which they are'de-
activated. - . ‘ e

The early  investiga*tions wusing thi®y +echrijue were
1. : . .
handicapp2d by the ‘irability to accurately determine the

extent of imprisonment, and, therefore, the valus of T.



¢

‘

Yarwocd, Strausz

for Hg* quenching, obtained using

we?e 23% higher than Zemansky@s data (29)
‘basis or Samson's theory of .=quivalen+
also

and Gunning (3R)

o N . ' e .
showed +hat their data varied by a factor of~“1.75 .from

12

t
showed that their values

Holsteih's, equation’ (10)
calculated on the

opacity . (9). Thay

7

Zemansky!s‘original'reSults (40) "which weré\galculat;dpusing

"Milne's f -mula.

- worked ou* ' by Cvet

»

fhe

are independent cf the
~

since, the ratio of <he slopes, S,

however,

relative crcsS-Sfctidns wi
. . I

N / .
! &

. o

thir. a ©particular set,
~ . \

imprisonmert correcrion used

v ’ .
. - . ) _
obtained from Stern-volmer

plots for two quenchers 1 ang 2 is gifen by

Si Thg, 0,2 Mo (Mypg+4y) | 172
S - L  '\5“‘ - : L — .}
and ".does rnot contain T. An accurate comparisc.: of ~he rela- :
2 o : : N ;
tive valuss repégted from <he different Alaboratories can
thus s , v |
thu;ite made, %
(1i) The Chemical Methogd. y —\\
— ' v
The details of  this method, which u ilizes +h2 com-

petitive quenching,bG:ween.Nzo_and a)

Ao
anovic {(U4). on

[

mechanrism:

Hg* + N,0 => Hg + N, + ©

om

subs:rate_A(’ihaé “'been
\ . . :
of ‘the following

4
t hc—) basig
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. Hg®x + 2 - ;:/products' 'kd f
: - <?%/ o ' N

Hg* + A ,~> HgO + A.'? ,

»

‘The quartum yield of N, in the complszrta quenthing regilon {¥

gijeﬁ ty S
®-1 = = (1.0 + b [al/(N,0))

‘ EF* agd b is the slope to intercept
] o v ) . ) c
jtio of ¢-1 vs [A]/[Né@].plots,‘F;}ET}VG quenching cross-

secticrs -are calculated ﬁrom-h@s:kprESSLOE

& 1y . ' .
v OAZ 1.Q_f MHS/MNZO 1/2‘ S l,th
. - p
- ' 2 ]l 1.0 e ol .
. _ ,ONZQ ‘ { .ng/hA

where. a  is «the irterc
‘ ,

% ls  important .that trere be NO Ccther source of N5
. . . . . ’ \

other tﬁaﬁ»tha‘Eg*V* N;C reaction. Yang (t1)  Jemonstratza

that #p studyirg  ths -quenching of ‘Ha* atoms by hydrcger,

‘complica<icns from.ths reactior

NoO # H o> N, o+

~Must te supprissed by the addizion of 2 hy

YArog<n atcm 'sca-
.o o J
venger in crder to obtair reprojucibye fesults.,

measuréd by the'p‘vsiéal metheod and thcse obtéinéd.by Rellas

T
ct
22
G
(o}
|
(o
M-
0n
(9]
3
m

and co-workers (42) using ‘the cn2micil m

aicoh¢1s, ~thers arnd ethylmercaptan ware at:ributeﬁ'to.the
_ R . _ .
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]
- . P . - Pl N . .
part-cipaticn of Hg® atoms Sp the production of Nz by +the
rsaction : )
. ,'/ !
- v . L
Hgo + Nzo 9 dg + NZ *‘ Q-
I . .
The chemﬂcal me tnod may yield erronscus resul+s since,
l . : . .
1N certain instances (43), tThe g2 values Seem to be depsen-~
dent cn the 1light intensity. ”able I compares quanchlnq
CrosSs-szctlions determined bv *the thS¢Cal and chemical meth-
ods for a numbar of substrates. ' . ’ ’
(iii) Feal 7ime Method. :
: R ‘ ‘ . ;
Cuenching CrOsSs~-gegtions tor Hg* atoms may alse be
‘obtained by méasuring~tFe *claxatlon of the 25378 fluores-
-Ccernce 1ntcns1 Y followsrg csssation" Qr excitation. Matlard
(48) measured the. dscay rate in th: precsence of nitrogen,
1/T , and related this =c¢ the decay rate in pure -mercury
' - . : N . " . :
vapour, 1/7i, by the exprzssion N
\ /
/7 = /71 + 1/-q _ )
iy '
R . L3N .
. . ) i Nas
whers 1/1’q is .*heg decay Tate due-to ‘hc Guenchlng cy nlrro- :
. . w . '
ger. The quanchirng Cross-section wasvﬁhanu calcugated' using - .
the equa+ticn x : v o :
W/Tq = N oqv | .
where v is the azverage relative velocity and N is the
concertraticn ©f quencher, : ' ‘ L ealen



TABLFE 1
. 7

Cucnching Cross-Sectiepc T .
-NQ ‘chglcnvtfob Hg(??l) Atoms by <he

Physioal &nd Chemical Msthods (ad,

1 -
ND L‘,/f . 32,3 23
cn : o2
| S
N e} - . .. N X ‘ ‘ ! ' H
2C e ' '
N 2 . R 16.¢
CO,. .54 '
CH, C.o8s /
CaHg AR 15 '
C . ’ .10
T3Pg 2. B€ N P T
Cﬂ;CD2Cf‘3 -. ‘?‘
: l—,:Ll
CyD i e o T.13
. >
N-G4H <7
2510 8.9 .70 S.4 (b <1
. ‘ o . “
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TAELE T (conz'd)

Cusnching Cross—Sécticn@ for Hg(3P,) Atoms by <he.

Physical &and Chemica1~nethods.

Compound 'GZ;”iz (rhys) - - R . gz, ﬁz‘(cﬁem)
(2 (38) (i) (42) (1)
c-Cyig .85 1.8 .38
Te-CsHy, N ‘19.;, - 1e .1
C€-CsDjq T
c-CeH;p  Z1l.2 ;3.’ EEEEERE LI A
'c§c6912' 7.¢ - ) .34
CoHyg | L2 ; 37 31
C,Da n3 o o
cHyCH O ) i2 "
. i . ¥V
CH3CD,0H 31,1 .
kcé3)2c-' T I I 17 b2
 (CH3CH;L2O vgéis . o L i;.7
'(CH3ct272c CouAle
CH,SH Cs7.8
CHyCHoSH 22,72 €7.°
Coas e SRR CA
]

(25

i. Feferences given in Earer+hesis atove each colunn,

b. Pefersrcg s*tandard.



(d) Production aré Destectior of Hg (3P,) Atcms.

The optical metastability of ths 3Py state restricts.

the direct producticr or detection of this leveal using the

o]

~
oY
t
ot
o]
e
e}
m
[e¥)

"forbidden" 265€% line. This state is more readi
by - ccllisional spin-orbit relaxation of Hg* atoms (reactiorn

(5D-

A

There 1is ﬂQ:paftlcuch phv:lcal or chemical proge*ty of
a Forclgn gas which wi ll cllcw prediction of +he efficienéy

of this nCESS. Bykkovckll and leltln (QE) hav;.éarried
- m'ﬁ_ .

out a giantur mechanlcal ‘reatmen~ of the 9uencn~nc of 3P1'
atomq by ncmonucl 2ar diatomic moloculws. T'ney cbncluded that

3P, . atoms uould hc/10fmea, accompaﬂlﬁd by v1brat lonal cxc1-

7

tation of the qqenc%er, when +he

D]

lectronic- v*orctlonal

t2rms of  the (Hgx3)* ccmplex intsrsece, particulatly whan
, _ y : :
/ : ‘

LCy of the r=zactiorn

et

""T)

2 HgE e Xz(v C) 9> HgO « X,(v=1) - At

\

is‘smé%l. Vitrazional =xcitation of CO (v ¢ .9) (47) apd ¥o

these geses bv observing +he infrareij emission.

By

(v < 17) (48) has beern demonstrated in Hg* sernsi+iza<tion. Of

"etastcblc mercury atoms may also be produced in " pure

<

mmrcwgy vapour. ngnchlng of Hg* atoms to the‘(3P ) ltth byV’

a ground state atom Lc< a cross-sec+tion or’ J.03- 0 1 82 (12) .

At sufficiently high mercury concentrations,‘the presence of

e
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o
Hgo atcms can be lpferred from the appearancD of the broad

ki

2mission bands (MQ) due to the mercury 2xcimers.
. 4

Sevard - methods, which involve observation of the fol-
-lowirg quantities, have been used to detect and study the

‘react*v1*y of Hgo atoms.

(1) 4nu78 Absorption.
’ - M ‘. ' [

rThls technique, which monitors ths 735, <. 63P transi-
tion, uwas nltlclly used to dcmons rate thﬁfpreséuce of Hgo

atoms in Hg-N, mixtures (19,50 ¢). By thlS‘methbd ‘Pool '(51)

.showed that the cuench‘ng probably produccd v1bratlorallx f%
excited nitrogen R g ;
CHg* + Ny o> Hgo + N, (v=1) - 1.6 kecals/mole. - [ [ tu

A Eas
o . . v 4, N
L W o ey

=

Penzés‘and»go-workers (52) were éble';to- d tpct 'maté-‘_;i

'stable atoms ir elgh‘ aeutarated paraffins and 1i g‘f'neo*;,“fﬁf7

»

penuane uclng thls met hcd This stuay represented: a major

2

@xpan ion of the - ‘number of compoundc known go] produca qu

atoms. They suggested tha* = the disCrepancy be'we@n %th~_;
quenchlrg Cross-sections measured by th=a pbyc1Cal and- cr»ml-,f
cal. methods could .be due to the presencp of Hgo atoms in

these systens. oy

Qualitativé studies employing this. method have . beein

carfiedl out. by seve*cl workers (DC,dJ 5“) on ‘he-éSsumption
) R a
that *he absorptﬂon is proport’onal +o the Hg® concentra-

t

N
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]

o . i A
tion. Horiguchi and Tsuchiya (56) have shown that this as-
sumption is not valid and that *the absorption 1ntcns*’y is a

‘ |
funct > on of ths ratio of tha sp= ctL:l half-widths of Lhe in-

cidenxt and absorpt on prcfll es.

Flash phOtolySi “échnigues wsre used by Callear and
Norrish (57) ard later Callear and Willia&s (58) +o0 g:snerate

Hg% atoms,in'tbe ‘Ffesence of 780 torr of r**rogén..ihe rate

" of remcval of . _ne3c atomc in nltrog@n rorclgn gas mixtures

PLEYS ctudv~d by kirnstic abcorpblc“ SE2ctIoscopy a% 46&73 and

Ln

2967§%. By usirg crgon in the call ¢c¢- ‘prC_sure . broaden | the

‘25373 aoscrptlon lire, metastable atoms yere’detected upon

‘additior of N,, CC, E,M arnd P20. They were rot =able to

detec* HJO ascms in %C, H,, 0,, N,0, CH,, CaHgs CyHg, C,HL,

NH; 0r.BF3. A szvere drawback of their aprearatus was the low

‘concentraticn of Hg* atcmes (and cors=quertly HgO9 atoms)

‘a*tainable with the ccﬁventional flaCh lamp. This problem

was overcomc Dy USing & micrcwave pulse cwn:ra or (56-%1) or

'.‘a Llach lamp with & larg e numbtr of- closely spaced_'eleC-

trodes (o -bU) wn‘cb .cv1de monochrom=t ¢ cXC ‘tztion.. With
‘ if elec rede flash lamp, (resonarcc flzsh lanp), mest

2ful ene: gv output is in the form of 2537X radi—
‘éfigﬁ;'c64); Callear ahd ‘McGurk . (63f showed ¢ at‘ﬁz A%Z*}
AN®y, is pfddgced when "black bbdy“

] N
_ lard
’@@re ~used *o0 irradi

microwavs pulse

te dg Dl* ogen mix-

°exgitationf sourcs
i i " . . g

T
‘Qd the ecrller guantum yleld= .of Hgo

tures- which ‘invals::

3

oy

"foimﬁ*ién reported by Callearrand.ﬁedges'(59). Th= quantun
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2¢ -

yields of spin-orbit-:elaxation were reme%sured using the
multi-electrod= flash lamg (62). .
Cata on Hgo atom'formatibh has.beéh obtained By'vikis,7~
Totrié and ﬁe“Roy (E5,€€) using a. technique“basegv on ;he,
. decompositiorn of Codig t‘)y?Hg'o ‘atcms aﬁéiby Horiguchi and-
Tsuchiya (€7) using u435ef,and uou7}  aosqrpt£on/’techniques;
\J$h§ data on,séap-orbit relaxa:iqn qhan;um yields réporfed by

the various workers has beern complied in Table TI.

(i1) ucu7f, s2c88, and 54618 rmission.
Absorp;ioﬁ ©of dfd7g'radiétion':eSults in an‘inErease in
tha Hg‘7(3sl) poéulatién. The ';ntensity,Of‘fhe~resdlting
'emi551§ns from this level at uCu78, 43388 (73s, > 63P,) and
“Su€1R (735, —> 63?2),_pbse:ved;at right "angles télﬁhe exci?
| :ihg”_beém,b %;4e.alsc.béénvpsed 0 measure Hgb atom concen-

‘traticns (53,68,6§y;

.. {iii) THec-ién of tSlectrons.
L . . .

fﬁe abi;ity of HgOIatCms to ejebt,.electrons from a
metal surfacé has'.been deséfibed‘(7cj aﬁd uséd'by several
workers tb'study metasfﬁble atom'reattibn$’(53;71—73y. Dar-
uent\\and Hufturblse (71) noted an‘inCreasg in‘the'electric_,

’cufrent from an nickél-éq:fa&e with C2H4,:C2H6,' N, and He

‘but nct uitﬁ-oz or CC, in the cell. Scheer and Fire, using a

silver .cathode, made a careful study of the quenching pro-

 :ces$es~of Hg%x by nitrogen“and'rco (72);, They demonsttated

L . »

Py

"“G:” .
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Spin-Crbi+ 2¢laxation:
ig (3P;) ‘2toms (ay,

=y
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Quan*um Yields for Spin-Crbit ?elaxationfofvﬂg(3pl) Atoms.

::‘::’_‘:::‘_‘_:::::::::-‘::::——"-——:—:"——“°“——'—‘-’“————»——_-'—‘————

Cpmpoﬁnd ] Quantunm Yi=1ld (¢9)

K €2 L qen | @B e (74)
CH, * c.1E T c.h3
CaFe Y, oLEu-

’ B ¢ I

Cidg c.3C C.14 -
cH,cnch3 .31
CyDg L.67
“°C4H10 C.o11 ¢ § .
1-C4Hyg .08 '
C(CHy), et
c-C3Hy L. SE
CaMa k <2, ; |

[}

as Fefarerces giver .ip Farerthesis at tcp ¢f sach column. -

b. ¢0 =qual to 1.%® forapitrogen,g
, . . > \ oo
S o : \
‘ AT R | o \%//‘
. e , ERe s
. , A v « . \\ A
. . . g .
D A .;'G 2
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- an

' study

‘not’

ngO'

~hat

'quenching
atoms directly tc the grcund st:te. Th;s

criticized by Callcar

tad qpeclcs

of the me*al car producc én elec*ron upon 1mpaCt;’The

vat lOR

Hg*

‘this me+hod. o

Eg0. level ard vield a wb-y

."' (\

per Sicts
shu+

with

miitures

that Hg,+

“(iv) 25373 Lelayed Fluo;eécencé.">v - 5

cff.

the

increase in the

(5“)

N 23
both gases were equally efficient af guenChing to the
'3P0 level and attributed carbon .monoxide's‘ 20~fdld lafgcr

to q.grea er ab111+y&ho querch Hg*
\ \
technique has been

cross-sectlon

(75) orn the, ground

=p°c1flc +o HgQ atoms cPd that any clccuronvcally €xci-

haV'rg an anergv grzater *har the work fgpcrion

“lons to be genera

andg N 52 further doub:r o
2 ¢ ;

5

{n

kcal/mole'energy’"cqu‘red to prcmote a mstastable

a

,collision with

‘be 3P, level cer bc prov1dcd by &

Y

molccule. -&Qs, Hg= atoms will be oroducea fro

ths

25373 delaved

jag

,flﬁbrescencg +

ct

<3

for some  tims after the excitirg 13 gh* kas been

*kc emlsclor kas becr corzelate

The intens
\

Hgo ConcentfatiCh’(9,52,7p;76)_
(W 26568 Irtersicy. . _

>

Presence of HqO atoms produced ir irradia?ed Hg-N,

has been 4= mcnctrated by phc*ographlcall} rGCOLdan

-

6:6n l re 1ntcn51ty (77) Cnly a singls

s . : e '
has wused +his method to obtain kinetic daza.



Aithough 3P, > lso trahsition is. forbidden by optical

selsction rules, the wzak 1ntens1ty of the 26563 llne can be
explalned by ,coupllngiof,the nucle?r and electronic spins.
Mercury has 7 stable 1sotcpes two .of which possess odd mass
rumbers, *199 and ’201, and have: f*nwte nuclear spln. Since
the total angular mcmenrum is dlfferent from zero,*;here is

a small transition mement for these two ;so*opes. Thus only

199Hg and 201Hq exhibit spontaneous emlssion at 26568% (78)

Eben mass 1sotopes in the 3P, state may be relaxed by thlS

"rou+e by first urd@r901ng the energy exchange reactlon
b | v o
’ - ‘ o i ‘x) '.4- -
Hg(.)eye'n *v'hlgiodd - hgevem"’ Hg %544

'uhichscccurskreadily (79) .

(e) Relaxatﬁon of Hg(? o). Atoms by Phpcesses Other Than

-

Quencnlng by Forclgn Ccses. : ¢ ' (
. : )’ . \‘

“he methods described abovs to detec;‘HQO atoms per-
force reduce the pcpulation’of this species.' Houever,,,xhe
> 7 .

iy
amount of Hgo Temovs d by +hese varlous routes can, by sclec-

tlpg appropr~ate experlmer al condltlons,v be = made very

_smdll. For nstance, promctlpn to higheg Erergy states by~

u0u7K or 29678 - absorotlcn may be elrmlrated by preventlng

. radia*ion of these wavelergths from enterlng the reactlon

.cell No~ centrol " can  be exerc1zed over the Spontaneous

24

.

: ehisSion'ofgthe 2656K'line, but 'he long radldtlve\ 13 fetlme

of Hg0 ‘atoms makes this process ihsigrnificant gnd it is .

{'.



..a'nitrogen filngJ gnlformly ::raalateﬁ thnd ical reaction
o]

S5

~

usually omitted from reaction mechanisms which involve

quenching‘of this level.

The&jmetaStability' of HgO atoms allousfthe possibility
of \a first order deactivaticn process at +<Le wall of thke re-
action vessel - ' -

Hg0 —> Hg (at the wall).

-The diffusion r te was ctud ed by Klmbcll ard Le Roy (Ju)

.

- 1,
. -
( R
N .

nstant is givaen by ~.

]

cell. Th€7rat§' ;

/'(

K - UD[ N2 ]/RZ

3

"where D is the diffucsion coeffi c1cn~, assumed to te equal to

that meagar_d by Cpler (8() for 'Hg' azoms, ébd_’F is the
radius réf the cell.‘fhe'rafe of diffusibn is inversely pro-

Y
.

porticnal to the concentraticn of a forsigr gjas ir the re-
ac+tior vessel, :heréfore, by making ﬁhe celi radius large or

[
in
s
(o]
<
ar
[
Qs
th
ool
e}
(o]

by increasing‘ tbe gas prescure, ‘the rate of

at oms by diffusior car be made negl¢glnlv Clow.

2

(£) Quenching_of'ﬁg(3FJ§ Atoms by Foreign Gzses.

In recent 'years, several workers Lave studied: th

quenching of KHo® atcms by foreign gases using varicus tech-

niques.'Quenchiﬁgnrates-were obtain=4 bfoéliéar and McGurk

-

using the‘delayed'fiuor scence method (bL,c ) . -hGSc wofk:rs

. v
employed a letl elcctrod d flash lamp tc avoid *hc inter-

-

M
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-
e )

ferance 5§om N, % molccu}es That 1nvalrdated earlier measure-

men+s (57,,8) cbtained wlth conventlonal flash sources. Ab-.

sorption =t 4ou78 (5%) and em1551on at 33508 and 4850 (81)

\

have been related to the guenching by a foréign gas in Hg-NZ

. R 4 .
mixtures. Quenchlng cross SGCthDS have been obtalned (€7)
-

from  Measurements of u)u?ﬂ absorptlon in in m*xtures ot -Hg

~

and the substrat* orly. Vﬂk s and ‘Mosar (73) have employed

the 2-hylene dccomposltﬁon.technlque as well as electron

em1ss1cn from a s*lver metal to measure Hgo quenchlng. Uppse r

llmits forf'auenchlng cross sections have been reported by .

Phlll £$ and co-uorkers ﬂ 6) trom phasc shlft,imeasuremenrs}
lhe results of these stud: es ‘are llsteo in Table I7I, It can
be Seer /}ﬁat although there is good agreement betueen the
relat*ve quenchlng rates, the\absolure values*mayrdif:er by

two owders of  magnitude.

.——_—.—.-——...—..—--—.—-_ —_— e _._——..._—-_._._—..___._q—

~ From a comparrson of cross Secrlons for the quenchﬁng

of Hg* atoms by different gases, 1t ‘was soon recoqnlzed that

!

the exc1ted mercury atom dlsplayed a. marked».selectivi*y in-e o
*the energy trarsfer process. A frameuork for the understan~;J

dlng of the 1nteractlons b tueen an *‘c1ted ms rcury atom and

a quencher gas huS been. based on con51deratlon of Hg* atoms

as. Doth- an energy carrier and a chemlcally ac*lve spec1es.

[asl
<

e
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.Fousseau and co-workers (82) have shown that the Hg* aton
behaves as an €lectrophilic reagent in which the transfer of
erergy ‘occurs through a (Hg-substrat=) * cpmpléx of specific
configuraticn.‘On the basis of their results,”fhéy-‘proposed
the fcllowing primary interaction modss:
. ' BN
Hg.* -

5,C=CK; _ clefins

HyN:—>Hg#* %\NHS, FHz, AsHa and their alkyl derivatives

HpC:—>Hg* E»C, HpS arnd +their ‘alkyl derivatives

R-X:—>Hg* = for alkyl talides (except fluorides)

. , , ' . o _ ' B ? '

Hg# T : ' ' . / SN

F-H- ' for paraffinic hydrocatbcrs, and »

Eg=
1 T ‘ : '

%,C=0 for carteryl compounds.
»This kigh specificit&-f&f'the EFoint of'abtack‘by Ho* atomsv
together with the 41arge, humbér of mercury sensitizatiop
studies ir the literature make it desirable tordisaqéé';he
various interactions according to thef¢1ﬁ5s~of qggﬁthéﬁfgf>kw\\\\;g
(a) Ground State Mercury Atoms.



Two broad emission barnds centersd at 48522 and 33528
'appear in the spectrum of mercury vapour at high concentra-

<ion when illuminated by 2537% radia*ion. Fire structure . on

»

the lcng wave€length tail of the 485CE Etand has recently peen .

-

detected (83). These banas°we;e shoun <o ke Tinked o the
pfesence of HgO atcms in fhe system (éu); Nrozowsky (1€) ag—
signed thes2 bands :o A(Scf) => X(ig%) and _A(aﬁu) Q} X(?z+)
;ransitiods from excited dia#bﬁ?elmércury moiecules to th;

‘dnstatle:ground state Hgé molecule. The ;(BBG) énd A(?jux

states collapse into =& common (33+) state at shoTwinter-
nuclear distances. This allcws spin-orbit relaxationvo%’ Hg=

. vy

W L
Qﬁ%&llty for
. "l‘é A4

‘radia*ive relaxaticn by the (HgOHg) coemplzx at short inter-

atoms to the 37, level and 2 much.grzater prd

nuclear distarces. ¥cCcubrey (%), orn the;c~h=r hand, sug-

Noll

23528  band by spontareous cmissionp ard wie 4853 bang by a
pressure inducad-radiz+ive transitien. He cemorns+rz*ed third

ord#r kinsztics for th: fcrmatior = of the  exclzed @ diatomic.

mclecule by the reacricrn s _ ) Uy

HgO + ZHg —> Ha,* + Hg .
;” SRR )‘ " ' )
pressurs deperderte=ef th2 relative intansity

3

A .

~ Ladd and co-workers (€f) =mployed phass tech-

- niques to show *hat the L85C] band arose trom a2 'pressure in-.

m
)
(V)
N oot ]
‘0

duced <transition from tke A(3°7) excimer ard tha+

K

RS

ested %hat both bands aris= _fromf the A(397) .state, ths.
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band resulted from Spontaneoue transition from rhe"A(31u)

excimer.

(b) WNitrogen.

- The gquenching of Hé* aroms'by nitrogen has attracreq
.inrerest for several deca e, parrly because nd decompo-".

‘sition ‘ofi‘rhe ‘nifrogen can occur and alSO because of the
early cbscrvatlons that metastable atoms are formed in large
quantities in the presence of Thls ' substrate (87). Fecent
work has shown the quantum yﬁeld for spin- orbit r=s laxatlon
is almo<t uni+ty (56 7u)

Samsor (9) has shown that slow collisioral reactivation

of the metastable atoms back to the Hg* level,

CHgO + N, <> Hg* + N,,

uhibh resﬁlﬁs ir 28378 ﬁelayed fluorescence, is ar impértant
process removing'ﬁgé atoms in. this sysrem; The°‘rate ‘was
feund to increase rapidly uirh temperature, as expected for
an endctaermic reactionr Quenching'td rhe ground Stétev‘from
~either of the‘ upper ‘leyels was found to be negllglble,
although atcurate abseiute g2 values ‘Were nqt.'obtained
because‘<of the uncertalnty in- the ipgrisonment correetion..
ulnce a large populat’on of Hgolatoms can be‘producedvin.the

Hg*Nz system, almost all‘of the studies concerreﬁ thh ‘the

react1v1ty of Hgo atoms have been carrled out wlth Hg N, gas



mixtures, ¢

~Matland  (&&) .obéérved .a two-fold = increase in the
quenching"crbss—section-Qf Hg* atoms .as the;temperatu;e?iés.
incregsed from 52_£o»2526C and"poqfulated ‘that “OQIY. col-
lisions having kinétic'énergies éréater than 1. '6'kcal/molc3
could result in quenchlng, since this is requ1reg to promobe
the nﬁtrogen into its-first v¢bratlonal level Tbe ﬁempera-

ture dependencé was_described by the~quatidn
‘q2=fd2,\

where o2 = 1.7 82 and. representé fho quenéhing croés-
section for mélecules collldlng with energy great-.
€r than 1. 6 kcal/mole and

f =1(1 +‘E/kT)exp(iE/kT)‘aﬁd repfasents thé ftrac-
"tion of moleCuies posse551ng aﬁ ggérgy.greater
than‘the‘threshold erergy, F. k is‘vBoltzmann's

constant and T is the absolute temdgzgture.

Berberet and Clark (£3) made“a,detailed étudy.éf this

, . . T 4 ' ' S
System using various techniques ‘and showed that Hg? atbms
decayed by aAthirdC%fder.process involving a mercury exci-

mer,

HGO + Hg + N, => Hg,* + N,
| , -

,Ianalogous to ‘that postulated by McCoubrev in ' pure mercury

vapour.‘
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>Callear and Williams (58) on the other hand, concluded
from”'theirn experiments using'flash t°chniques ‘that deacti-

vation of Hgo atoms proceeded accordlng to the second order

reactlcn

Hgo + N, —> Hg + N, k = 8.7 x 107 cc mole—1lsec—1

=
1]

Hgo + Hg - 2'Hg 3.4.x 1013 CCc mole~1sec—1,

’However, the effect of N,* molecules arising from "double

pumping" was not realized at the time of this- 1nvestlgatlon
: %

and the klnetlcs are undoubtedly more compllcated than these

workers assumed. - _ » ‘

Uslng the technique"of uou7R absorptlon -%Bdf.<and
“dmeasurements on the 33533 and 4R5u$ band 1ntens’t1~s. (89),‘
Le Poy and co- workers found that t he metastable atoms were
removed by a th*rd crder proces .1nVOlv1ng Hg° -Hag. and, N;.
.They' proposed a mechanism'comprlsed of a ser:e% of second
order reactions in order to' reconcvle ‘their low pressure

‘data wi+th ‘the .results of Callear and W1111ams, wnlch were'

obtalned at high pressure

A

Penzes and co- uorkers (°C) measured the 33502 and u8503

emission 1nten51ty to determlne a thlrd order rate' constant
» of T.1 x 1013 chmoles~25ec—l for the removal of Hgo atoms.
From the effect of forelgn gases on the ratio of vthe band
1nten51t1es‘ in 1rrad1ated Hg- pltrogen mlxtures, they showed'

that two emlttlng exc1ted states must be '1ncorporated “into

J p

0

- . ~
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- the reaction hechadism:
HgO + Hg + N, —> Hgo* (31,) + N,

| Hg,®x 5> 2Hg + hv;33§d3)

.”9?* + N 4>,ng** (3063) *f“éi

_ng**H-a 2Hg + hv(ﬁesoxf.

A mpce- detalled insttlgatlon of thc tWo émission band in-
‘tensities (81) showcd that boch of the exc1ted Hg2 moleculesi.

Mféré%ﬁ§

can be colllslonally quenched Dy ritrogen ard omﬁe:

Ly

gases. A quenchlng rate constant of '3 x 10‘2 cc

_was" ohtalned for the quenchlng of . the A(31u) s‘ate-°§hd;;'
2 x 1C7 ‘cc\mole:jsec*l' for the A(307) excime}\by n;t:ogen
molecules,

R B .
s . a

campbell and co-workers (55) redetecmined the 'third
order rate cons nt_fof the disaépearénce of Hgo étoms to be
(3;8 to 5.8f'x 1018 cc?mole‘zsac*l, u51ng u0u72 absorptlxn.;
Siﬁce abscrptioﬁ of this i re does not .obey the Beer- Lamocrt
lév (56), somew}at more - weight should '6s/ placed on  ‘the
,earllcr value (9C). S o .
: ) :

(c) Paraffins.

Several features characterize thz interaction of trip-
- _ i

/'/“ . > - ' . Do ’
© ‘let mercury uith‘pasﬁffiﬁi. The quenching cross-<sections are
- smaller than' the gas inetic - collision cross-sections,
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-particularlﬁy forh.the? flrst few.members of the Sseries (1)
Darwent (®1) sho '%-that the quench ng dlameter for Hd*»
atoms, g ,_is J:jrox1mately a llnear functlon of the carbon
number within a komologoue series, with methyl, methylene
and methine groups centributing C.15-C. 3¢, 1.0 and.f.B 2 to
?he total quenching diameter, reSpettively. Rousseau and co-
: Qorkerc {82) pointed ont the rela*lonsklc betveen thc spec1-

Dﬁ, . 3 )
1rcrements and the electron donating - power of these

groups and"suggested interaotion'Oftﬁhe electrophilic Hg*
atom with the ¢-R bond. - g
: N : .
'Evidance for dlrect 1nteract’on u*th Spec1f1c H atoms
in the paraffln was presented by Gunnlng ard co-uorkers
(82,,;-°u) from Hgx quencnlng Cross+sections. obtalned by ‘the
chemlcal metﬁﬁﬁ“for Varlous 13 ght and dcuterated. alkanes.
Large H/k values.,fcund for secondary and tertlary c- H'
bonds were int erpreted as prlmary isotope effects ‘and . the

much lower H/kD values found for H,0, NH;, PHy and CzHg

were attributed to secondeary isotope'effects{

Eecomp031+ron of parafflns is exolusrvely via Cc-H bonﬁ.
: cleavage (). If° the alkang possesses more ~than cne rypeloff
>C-H bcnd,btiie. 10, 2°‘or.39;'products arising from all the
po§§itie' C-H bond rupturée aré' formed' L95‘96)> ~ Using

ethylene-cl‘ as a hydrogen radlcal trap and 1nternal scaven -

ger for alkyl radlcals to study the product dlstrlbutlon in

Hgx* Sensitization of propane, Holroyd and Klein - (97) and



% ;

Chesick (983 -determined the prlmary i- propyl to n- propyl
radical yield ratio tc ke approximately 1:¢, Jakubowski‘ énd
'co-workers - (99) aiso studied the Primary product Yield in

the reactvon of Hg* Hlth propane and deuterated propanes
'us*rg methyl »radfcals, troduced from the: decompOSthon of
dimethylmercury, as'a *a61Cc1 trap and 4 '‘mass .spectromete;
to aralyze the r:2sulting ,addltion producﬁs, The Qalue#
oObtained for the 'i-propyl to n-propyi ratio ifor i%ght
prOpéhe was virtually idéntioal to the earlier resulr of

"Holroyd In addition, the radical ratios of >30.0,

b.6f?nd 7‘C were de*ermlned “for CD3CH26D3; CE;CD2CH3f and
CD3CD, CD3,v_respect1vely. Tho data'obtaihed in ;ho guencﬁing
and primary decomposition ygeld otud'C' cleariy- drndicate
~that fhe pvlma Y y*CIds of the varloucrposs ble alkyl. radi-
cals arc 1r +he ra io of Lke querchlng.cff1c1cnc1es or. thg
'respective\ C-H bends 1in the molecul~, in decreaszng o£a¢r

from 3? > .z20 > ﬂ%., ” I ‘ '. ,
N\ D

! Fand emi551on for ceveral 13 ght and deuteratcd alkanes

4 . . )
has teen Teported by Penz:Q and co-workers (22) who cornclu-

[ZH

sively domonstréged the‘existqnpe \of an. éxc “ed mefou:y-
substrate ccmpléxoiﬁ tﬁe-prlmarylhucnch ng act by’ paré flns.
.Thg - band intensiiy_ was inlthe evcrse order of the'de¢0m-
_pdsition‘quantum_Yields, i.e. CH, > CoHg > CZHB.E An ‘ppper-
limit 'of 16-9 bsecondc‘ was lestlﬁiied. for  the ém‘ss;on
llfef’me of the compltx, based on'fhe obServétion that ’hb:

deactlvatlon Has apparen{ .up to q C to*r of propane. More.'

-
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1 ' ~
recently, the band'emission, which is in the viCinity of the
2537% line, has been phoﬁographed for SDVeral alkanes (23)

and attributed to van\der Waals molecules formed betueen Hgx

atoms ‘and the substrate.-“

The .intermediacy -of Hgo atons in the quencbﬂng reac-

~ions of Hg* aaomc by Qeveral llght and deuterated@;alkanes
Qaé demonstrated by Penzes and co-workers (“2) jpe meéasure-
ments' of +the quantuﬂ ylelds for thls process (632,66) have
emphac1zed the 1mpori/ﬁce of *hls mode of relaxqtlon in all _‘
of the alkanes which were 1nvest1gated

rFelativelv ‘feu- pqpers deallng with the effec+ of . tem-v'
3perature on *he trlplet mercury sens*tlzatlon of paraffins'
are fouﬁd iu the 13 terature. Back and var der Auucra (100)-
ﬁoted that the quartum yield for decomp051tlon ‘of -CH, inf
.cleased a'_-the temp-rature_was 1ncreased. From a study of

Hg* and ammonia and ammcnla-propane mixtures, Takemuku and

. Back (101) concluded that the rates of the reactions
NH; + (Hg* or HgO) -> ng + NH, #
(HgRH)* —> & + H + Hg

g0 + RE > Hg + R4 H ; .
. k . . : : [
RN

2,

]

A

Sy
)’

O - ,
could 1nclcase wl*n al increase in temperature.

.

v

A detalled tcmperature study of Hg= (102) and Hg° (103f

reactwons wlth propane has recentry been carrled out. It was.
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shown that both.of the excited mercury atoms decompose the
substrate by C-H bcnd cleavage. and  the guantum"yie}d of

decompcsition by Hg* atonms decreases, while thaz for Hgo

dtoms increases with an increase in temperatucxe. Vikis and’

Cco-workers @emonstrated tha}ngH is produced dlong with an

alkyl radical in the HgoO sencltlzatlon of this \Systenm (10u)
‘The n-propyl to i- propyl ratio was alco eemperature ~depen-
den= for"the Hg* angd Hgolini»lated<reactions.’Alfhouéh.the
‘quantumlyields vary with tempej

septicns“measured ky the éhemical m2thod for Hgx atcmslby
C;Heﬂaﬁd CH3CD2CH3 ais lnvariant~4105) over fﬁe atemperatu;e

rarge of 20 to 1500(.

ature, the. querncnin: ‘dross-‘

-Several »theorlee have bezn advancsd to accoun* for the

exper: men*al recul*s as they were bsing a6cumulated - Rous-
'seau, S*rausz and Gunplng (82; used absolute reac+1éﬁ\late

theory (1“6) to calculate quepchvna cross-sections for “com-

arison- wit“..thelr“ ¢ X erlmentallv Observed o2 valuss of
E ith. , v

light .and deutarated alkanes (42,82) . They assuned a linear.

tranéitionf_complex, “CeesHeeelg*, in +tire rate determining

Step. Good agrecmen+ was,fcund when the differences ir . <he

N

A

Ve
i

Stretching'_and bendlng trequenc’es between the c-j and C-D ~-

4

bords were taken into acccunt._- RS

~Yang (10%) cr’t1c1zed +hls theory on the ba51c that &

Sof

difference in €nerqgy, AF, orlglnatlng from~the Z2To+point
: R o : b ,

energies of the C-H and C-D‘bonds~vould'cdntribute 2 factor

- . ' N . . ) 1

1
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"exékAE/RT) to " the ky/kp ratio which he did not observe for
the " C3Hg. and fCHsthCHs pair. He proposed a quenching
‘mechaniem which assumed that the excired vmercury atom,
characterized by its total angufar momentum quantun number
J, ~and the ©paraffin, which was approximated as a diatcm,

formed a comolex wlth Cg symmetry. The quenchlng_ efficiency ‘;J'

T

.was then assumed ‘to be maximum if the same symmetry of the/‘

‘complex could be attained from the‘reactanr‘or product. s@ﬁ
~0f the Quencﬁing‘reaction. The products were taken-*o be 2
and VS, This model predicts that quenchlng of “Hgo atoq§
the ground state is allcwed if R has.p character but - ,| if
R is in  an s stare. Quenching of Hg* atoms is‘allowed{

rregaréless of the states of ' R. AcCording to this model,
. . il -/') ’

—~—

‘\\guenching of Hgo \Etbms by -hydrogen should ba very 1ner--

‘ £;c1ent wh’ch is not the case (62,62). —

;Ifc"explaindl bandA§femiSSion.r and‘ ‘the'u temperature'

,-rndependence of dthe isgtope effect' the planif complex was'
urewed (1CQ) as belng weakly bound, depending on'the polari- '_
zabili ties of the exc1ted mercury atom and the paraffln. The.
rate cf decompoeltlon depends on the bond 'strength‘ of fﬁe

bond- helng oroken. 1hl° modcl however, dqes not expla-, the

isotope effect‘pr the:formatlon of Hgo atom< in the propane

Vo [

reacticn,

. The guenchinq of.'Hgi Hg* and Hg® atoms by alkanes was -
investigated’ by Vlkls and Mosor (1C7) They'assumed that a

.



™

14 . > ¢

relarively lOng_lived (HQHP)*-complex vas fcrmed which de-
composed prlmarlly by F-HHg bcnd rupture in a- unluolecular
'procerc, +hc rate ©f  which they calculated by the FRKH
frheory. The =z=nergy content of the complex was dependent on

o

the exc1tatlon energy of the mercury atom (Hg' Hg* or - Hgo)

whlch were all ‘made to pass through an rdentﬂcal Hg+ B— E 

ionic syrface prior tc crossover, to. potential =surfaces

leading o producr,., This theory predicts reasonably well

. ' N N 1 . B
the various trends in the gquenching ‘or 'Hg* and HgoO atoms,

the isotope erffect . and +he relatlve quercklvg of Pg“ Hg* .-

and Hg® atcms by 10, 20 apnd 30 C-H bcuds T
: LS
N .
r .

'(The assumption that beth Hg*HI and EgOHR compiexes pass‘v

. OVer the same iopic surface aleng the reaction .path is

incohpatible with Campbell's ~results (23) on quenching of
Hg* and HgO atomg by propane. Furtheérmore, . the arbitﬁary
selection .of. the crcsscver points, the miiimum in the ioric

potential surface and the,v*brar4onal force COWGIE”tS that ’

were - necessary in craer To apply the'r 5K M ‘heory, détract

,from the cr= dlbllltv ot the resulrs.

£ unified uecharistic.model uhich accounts for all the
aknown experimentai obsefvations in  the rrlplet mcrcury-
paraffln system has been proposed by Gunn ng and ’ CO—workers
(108) These authors v‘eu ‘the quenchlnq process to be 1n1t1-

ated . by. the formatlcn cf an Hg*H® or thHP complex. The

intersecticn of these two potential surraces allowifd for

W

v

e

»
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spln crbit relaxatlon while.crossover fram each- of these two
surfaces'vto_ potsntlal curves which co;rélate with'produgt
forme tion Qas believed io account ' for the ‘ipdependent
behavicur 'sf Hg*-_or HqO towards an alkane substrate. The
dacomcos* 16n of the: alkane was viewed: as & simple hydrogen
atcem abstractlonAny tue excated mercury atom whlch possesses
=n ac+1vat’on energv compatlfls with the strength of the C- H
ond- iwvolved. Rpplication Qf the ssm;-emplrlcal bond-ener—..
gy—bond-or&er'method-(JC9),‘with _aprropriate modification;
cOrrectly_p:edicted fhé trend in the expé:imental:rate data.

‘\\' L
(d) Hydroéen. o o T ;a |

.Yang and  co-workers (195, 110) 'noted that“quenthiné of
Hg* atcms by hydrogen is sdﬁ 3.3 x 1@35 times faster. “thah
\ﬁbr Fgo atoms and this was @xplalnad by the same symmatry
_argumehfs ﬁSed to dGSCIlbc the hg-bH system. They calculated
v*he quantum yigld'of forma+1on of H, HgH. and-: undiSsdciated
HYHZ to be. 0.26, 0. 16 and‘ﬂ S€, r°Spcc+1vely by phaSc ‘space
thesfj (ﬁ11). Howev;rt“hé’quda{%mf; eld of hydrogwn decom-
Aposiéion was later founé to bc unﬂfy (112) whlch indicates

'an 1nad9quacy in +h1s approach.

.

Callaar and co-workers (60 61, 6u 113) observed a, large 
yield of* HgH in  the quenchlng df‘ Hg* and Hg° atoms by
"hydrogen but no+ wlth hydrocarbonc (exc pt Cso Hz) From - the

ylelds of HgH and ng in flashed mleuLes of mercury and BD



(61;65); it was propos=d that the qoénching proceeds by‘ the
insertion of the exc1*ed mercury into the H-H bond to glve
an electronically excited (H=- Hg H)* spec1es 'thCh: predls-
sociates: to a secoqd electronccally excltcd complex which-
decompcsos to HgH and H irn *be’r ground states, - ‘
77 o
(e) Unsaturated»Hyd;ocarbons.
.The.oieé}ns are véry efficiOtt queochérs of'ﬁg* ggd'ﬁéb
toms és compared ﬂo\their alkan- :ounteroarts.;xie Rox: énd-lr
Stéacie'.J11Q), proposgd that -.e primarycéct innthe caéé 6:
kefhylene, and for olefins in gene;alQ(115),[is,§fipiet:ehefF

. , ® , _ :
gy transfer to produce a ‘rel:=ively: lorg VliVed, -vibra-

h

tionally excited ‘tripief ste

of the olefin and a grou

state mercury atcnm.

The quenchlng of Hg* atoms by pro ated’and "deutaratéd

",ardma 1cs has beén ugges ei (11b 117) e groceed by Exci-
plex forn “icn, followed by 1ntersy=tem crossﬂnq;tc-”§7 con-~

5

plex which corrvlatcc Hith, rd dlcsocvat§§ to, Hq -and nﬂ

electron;cGlly excited triples stato of the a*omatlcv molec-

-ulev  Th2 intersyster crossing ocep seems'to be énhaoced

o
< .

wvhenever deuterium atom: - suth1>utedfin ‘adjacent - posi-
tions on the benzens rjng. A S

.

(£) Nitrogen-Containing Compounds.



e ' {1) Ammonia.

" The interaction of excited mercury atoms is with the

nonbonding electrons in the NHy molecule.(82). Like~methane,

the mercury senslt*zed decomp051tlon of ammonia has 'a low

‘quantum yield (118 , 119) whlch increases. wlth an increase in

temperature (101y. e

o
Phillips‘andpco—uogkers (26-29) ha¥e studied the .kine-
o Ty . , o T

-

. tics of the Hand emissicn from excited mercury and NH; or

ND; ccmplexes as a functjcn.of substré{e; third body and. Hg

concentraglons, using, rotating sector and phase shift

nethods. These workers found (26,27) that Hg* at‘c‘ﬁm’s Care

PPN
. :

rapidly relaxed to the 3Po_level with quantum ylelds of 0.7 -

band 1.0 for NH3 .and ND,, reSpectlvely The rate determining
4 . .

ey

d! o

step" in the-qUenchlng of metastable atoms was the formation

of a complex between Hgo atdéms and ths substrate

.
- : . r

B e v, (HgNE;) 0

v

. oot

and thlS exc1plex has a blgh probqblllty for -radiative reF.

laxatlon,

(HgQNH3)© —> Hg + NHy + hv,
.ot ‘v-l-{,{._ . . N . f-
resultﬁng in- a. contlnuouc emlss1on band centered at 2u4608%

&
»‘for NE; and 35003 for ND3.

A A ',.‘; .
o R . ,’I’

ks

.”Callear and co- workers studled the mercury ammonia sys-

~tem wlth the resonance flash apparatus (30, 62) In addition

v



~to the b1molecu1ar relaxatlon of Hgo by complex fbrmatlon, a
third order process was observed 1n the quenchlng of  nmeta-

stable atoms

\

S (

HJ® + NH3 + M ' (HgNH;) O 4"n S
- o
The kinetlcs could be broken dovn into the elementary reac-.
tions (30) . : . - ' Y
. ‘ - ’ | o "
Hgo + NH, - (HgNHSéO' [ 2a]
(HgNH;) O' > Hgo + yH, [2b]
(HgNH3) O —> Hg + NHy + hy ©[2¢]
C(HGNH3)O' ¢ m > (HgNig) O + u [ 3a)

mhere'(HgNH3)°' represents a 'nascent and, n(HgNH3)° a . vi-
nrationaily_ stabilized.‘complex. ihird order rate constants
'were obtained for M = Nz; NH3 and ND;QILarge differences 1in
the measured values betveen NH, and ND3 were attrﬂbuted to a
dependence of the emlSSlon rates of (Hgﬁ%s)o and (ggND;)O on
. . :m;w‘

!

and co—workers (29) observed that at hlgh hH;

R ;g: .
pressures the decay ~constant of - the band lumlnescence

reached a llmiting value- mhich they 1dent1f1ed w’th the
) ' S A e o ¢ .
radiative lifetime of the (HgNH,)o complex _ Improved rater,

constants" for the blmolecular and termolecular modes of Hgo
relaxatlon vere obtained by alloulng for the flnlte em1551on

-
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lifetime., A value of 5.0 kcal/mole was derived ‘for the
‘dissociation ,energy of tH€  stabilized mercury ammcnia
complex (28) from measurements of the dlfference 1n the peak

wWavelength of +the  emission band at hlgh and low. ammonla
: ) . A

AW

’

‘pressure.

Further 1nvestlgctlcn cf the uavelength distribution as:

‘@ function of NH, fpressures ‘up to 10 atmosphereS' ulfh ‘
‘resonance‘.flash led »Callear and Connor (120)- to postulat_
ihat Hg° could attach clusters of NH; . molecules to ’form

- (Hg (NHgz)q) 0 complexes with & up to at least 5. Emission

N : '
profiles of the complexes were determined for n

S

the vdiSSociation constants for complexes with n 2-U4 were

e ! P
é . i

calculategd. Evidence for ihenguenchlngf,ofg*the ggtablﬁﬁzed

1 N 'S _ ) ‘*’A? 4?“!'%,
complexes by ground stategme§%g5yAatom .&n g ‘j{. <ﬁmvr§
‘ ’ o A R St 8
! : oo . , ST - R
& - T I Y g
(HgNH3)0 + Hg ‘_9 ng* + NH3 .;;'“J" . Soe

;

was also obtained.~

(ii) Aliphatic Amines. -

N : o
R ) N . v : o Lgtey 0 -
5 . e . _ S

- . . . o~ :) Gt

1-4  and -

Allphatlc amines were found to undergo sen51t12ed reac-,'

tlons essentlally 1dent1cal to those df ammonla (34, 35) The

lower eff1c1ency f Hgo atom form tlon by ammwnes as com-

pared to ammonla suggests tbat Hg* atofs play a more 51gn1—;

\
flcant role in these systems, partlcularly for methylamlne.,

D

Rate constants for blmolecular and termOIGCUlaIJ reactions
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yith Hg® atoms, the iifetimes ofvcomplexes with metaetable
atoms and Io:er limits fcr dissociation eﬂergies of these
complexes were obtained (24). ‘he main process competlng
with'luminescence was found to"be a-hydrogen abstraction
(35). | | |

G

(9) Oxygen;Containing.Compchnds.

(i) Water.

Mercury Sensitized H. O reactlonc closely parallel those

of NH;. Both substrates exhlblt band emission (23) and a low
quantum yield of decomp051t;on ,at‘room;temperature, less

than €.C2 at 450C for water (121y. | )

A study by Phillips and.co-iotkersyi(jﬁ) of the band
emission i ~H,0 and bzo sen51tlzatlon showed that rap’d
-spln crbit relaxatlon\of Hg* atoms was :ollowed by a ‘rate
determlnlng blmolecular reactlon between the substrate and

Hg? atcm tc form an exc’plex.,-he quantum y%eld of lumines-

‘cence. was 0.19 and 0.49 for HZO and Dzo, tespectlvely{ In &a-

" iy

later publlcatlon (?’) these workers obtained’ rate constantss

-

. for the relaxat*on of Hao atoms by blmolecular ana»termolec-

ular reactions with the phaee shift technlque. The third:or-,

“Tder rate constapt< wers scmewhat,uncertaln du2 to the pres-

ence cf 10 ppm of 0, in the nitrogen us2d-4as a third_body(

" (ii) Alcohols. ) i S
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The mercury sensitize decomposition of alcohols has

v

bsen studied by Knight and Gunning (122-124), The products
y ) |
" of ‘the reactions could be explained by an O-H bond split by

an Hg* atom in the primary step
Hg* + PCH,OH > Hg + RCH,0 + H

followed by a rapid abstraetiﬁu of 'the x-hydrogen on the

substrate by an alkoxy radical oo

4 ' - i o ‘ _ ' g
RCH,OH +. RCHZO -~—> RCHOH ,,'0 R_CHZOH -

. ,

in a Ceccndary reactlon.'Kato\apd Cvetanov1c (125), however,

suggested ‘that the prlmary step could te abstractlon of an

a- hydrogen instead of O-H bond 501551on, “a process thCh is
o

more favored energetlcally. S ' R &

1

The results -of thevalcohol sensitization experiments
were‘interpreted,entﬁrely‘in,te%ms of interaction with '~ Hg*
Iatbms. Eor' methanol and ethanol, the ozlvalues measured by

§

the phy51cal method are 13 4 (u5) and ?4 Rz

‘{‘ respec-
. ‘ &F
tﬂvely, in contrast to 2. 3 an& 5.4: KZ measured by Be?ﬁas %fd'

3 ; i
co-workdrs (&2) u51ng the chemlcal meth%§ These authors

suggected the *nvolvement of metastable atoms as an é&ﬁlana-_i e

\ =

t’on for the large . dlfferences in the values measured by the -
N J

two techn’ques. Lot SRR ‘

Fecent studies of Hg-alcqholfsystems (32,33) have dem~-

onstrated the existence of eomparatively wveak band emission
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which ués similar.to' the (ﬁgNH3)° ané (HgH,0) 9 emission
spectra ‘ahd .therefore attribﬁted to radiative decay of an
Hgo- + alcohol exciplex. From‘the.variatioh of lumlnescence
intensity with the structure of the varlous alcohols it Qas

‘concluded that the ma}n process competlng with emission is

absttaction 'of an «-hydrogen by-;metastable étoms'formed

durihg the qUenching cf Hg* (32). Phillips and co-workers
[ . .

(33)"obtéined ‘evidénce' for  the quenchlng of HgO atoms by

blmolecular and. termolecular rcact*ons . ’ '
~ HgO + ROH —> products
Hgo + ROH,fVM -> pro&ﬁcts

where M = RCH or N, and,derived rate constants. for these
pProcesses for a few alcchels, It appeared that N, was %Ery

. . . »
"inefficient .as a Chaperore for the termolecular reaction.

. The available datq on Hgo quenchlng rate coqsnarts'-in
. . o

the 1liter ature for NHJ; H,0, and alcoholc are summdr’“ d irn

1?

[ : W

vu

"TablevIVM,

3

The primary step in the mercury&§photosensitization of
.saturated ethers at room temperature and moderate pressures
1s exclus1ve1y C-H bond’ scission (126-129). 'The ,klnetlcs

were based on the majpr process being

a

u
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Eate'Constants fer Reactions

.énﬁ\mjcohols With Hg(3P,) Atoms.
‘ o . 4 :

kK ca»
Compound ,
(M) S=c—1
5.83x1Cs -
NH 5
5.4 x1§s
s
ND; .5 Cs
Hyo
4.5 x}Cﬁ
D,0: 4.5 x10s
“CH5CH 1.6 x1Ce
Czﬁsol? 8.3 x1Ce
v. ’ . @
(CH3)3CCH 1.2 x1Cs
(C2Hs) v
.. OCOH  3.(.x106
&
(Ch“&\)\
é. Fate constant for
b. Rate constant for
C. Rate constant fqr
d. Rate"tonstantyfor

&
. 1.88x1011

T.47x1C11

3.4 x10¢9

1.2 x1J10

- 8.13x10°9

7.8 x1611

x1012

x1Cr2

3

k (c)

8.3 x1017

7.5 x1017

1.23x1018
5.26x101

4.3 x101s

3.45x151s

S.4 x1017

'3 x10{8

2.9 x1C1e

process
process

Process

of Ammoria, Water

’

2 x1Gire

7.55x1C16

1.7 x1017

1.7 x1C01ts

1.01x1C1s

- -
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(HgM) 0 = Hg + M 4+ hv

Hgo + M —> (HgM)o©

HGO '+ 2H —> (HgMjo + ¥ -

HGO + M + Ny —> (HgM)o + N,

-



49

Hg* + RCH,OR —> Eq + RCHOR + { .

1

desplw the implication that Hgoﬁatoms were present in this
\/ sysfeu (QZ)‘ Phillips and co-workers (32) were not able  to

eM1551on in the sen51tlzatlon of dlethylether,

:uhlch may be 1nd1cat1ve ©f a basic differerce in qJuenching
¢ , » ‘ . .
mechanisn tetween aIcohcls and ethers.
y L . s ‘ 4

(h) Rare_Gasesl“

Yhe;qlnteraCtlon of erc1ted mercury atoms with the rare;
gases has been ofycon51derable 1nteresr for several decades
_s1nce the, quenchlug mechanlsm is conflned to hotophyslcal
processes. Oldenberg (17) cbs erved band fluoleschce on both

'51des cf the-253 73 llre in irradiat tad mlxthes qfk»mercury
:and “the rare gases‘amd these were\aztrﬂbuted (18) to transi-
tions” from 1oosely bound complexes of Hg* .and the substrate
.gas. Thes: .cads havc cftern been referred- to as satellite
bands. Preston,(131) rcred band eml<51on associated with 12

mercury lines from a, mercury lamp contairirng helium or £#.

i f

Recently, th Hq Ye usatell'te, which appeared as a broaa
N . B A

structureless band e**cmdlng from the 45“73 line to about

27008 with iﬁfaximu 275CK .has been recorded by Phllllps

and co-uorkers _{25). They attrlbuted ‘the emlsSlon to a
>Hg° Xe complex, althouqh prev1oucb-attempts to detect Hgo
atoms in this system had failed (US) Quenching rate con-

stants for qu by Xe and Hg ‘uere obtained from kinetic

2
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studies by_‘neasuring _ the phase shift betweern the 1nc1dent
and hand emission ra%1at10n using the rotating sector meth-
od. ~Campbell (23) obtained medium resolution spectra of rhe
noble-gas-mercury sgstems; Helium and neon dlsplayed only
asymmetrical broadenlng cn both srdes ‘of the resonance 'line
while ar" and Xe snoued at least two, -and krypton three, blue
satellltes. Ar and Kr exhibited faint \frne structure‘ near

. \ ‘ . ) ) .
the resonance l;nejwhlch was superimposed on the continuum

that extend=d to longer wavelengthsL In +he case of Xe, fine
. = .

structurv was observed throughout the broad scontinuum’ which

di splayed a max1mum at approxrmately 26503 The emission was

assigned to a Hg*.+vXe Complex.

Several Propcsals, have been. advanced to explain the;
origin of these Frands. If has been sugges ed that band emis-

sion is due +to transitions between v1bratlonal (23 132~ 13&)
» . ward

. Or vitrational- rotatlonal_levels'(135,136) of (Hg*4rare gas)

van der WaalS molecules and their ground state molecules.

\def menko (137) used semi-empirical caiculations “to -demon-

5
strate the =xis*ence cf aux111ary ,maxima and mlnlma 'in the

<

I

upper state potentlal curves, Satell*te bands_uere‘@artribuf‘

ted to radiative transltlons from,these regions of the po-

.tential éurves. An adaptatlon of the %uas1stat1cv theory of

pressure broaderlng cf atomic llnes has been used (158 159)

to predict the features or red satellltes. Breene (1&0) - has

1
suggested that band em1=s1cn is due to a process that is the

prec1ce analogue of predlssoc1at10n of stable molecules.

v



51

anniﬁéham 'andi_leen (1&1) obtalned quenchlng Cross-
_secficns by measuring the depolarlzatlon of 25378 r thn,
Gunning and éo-uorkers (2&)'measured band em1551on .nter -
swtles to cbtaln dZ values whlch wers in fair agreemernt with

the earller results " They also showed .that quenching éccurs

entlrely by radlatlve relaxatlon of the excited mcrcury?

noble gas complex=and that the cuermcr0551ng mechanlsm pro-

posed €arlier by Jablonski (142) is of little importance.

~
&

..___..___.____ ___—_-—._____._—-——

/Zt can be scen frém the . preceding discussio' that
although the general quenching mechanism in several mercury_
sensitized systems hac been well established some aspects

remain obscure. @%e,tdle pf Hgo and_Hg* ato@s in tke ‘sensi-

tizaticn of -everal Compounds remalns undefins d and, in soae

areas, contflicting data has clowed the aevelemeﬁt of a-

vy

clear @ndefstanding cf the verious phenomena. The effect of

)
temperafhre on the quenchﬂng process ,has recelved 1’ttlc

L

aftentlon, de5p1te the potentially useful 1nformation that

may be galned. - s | ) o ('

o The aim of the present work is
(1) to study the various relaxation processes irvolved

in the Hgx SGHSl;lZat*OD of nitroger in OLdtr to

v
<

determlne thelr effects on the measuremen* of Hgo

'
t

PRI
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e

-

. , ‘ %
atom quencking rate constants in Hg-N,-substrate

- mixtures,
. . ,:', ) .
“(ii) to elucidate the mechanism of HgO atom gquen. aing

- for- a variety of substrates frbm‘a study of

-effects 'of deuteriunm substitutiorn-and " 'tempera- e

on the quenching rate and, ' g
(iii) to determine the rélatiVe participation of Hg% and
HgO atoms in +he photosensitization of Xe atoms

and ether molesfleé from band.emﬁﬁsiop studies.



-d051gred to 1rve=t1gate band qmlssvon employed ¢ flcw sys:

wWwith contlnuouc 1frsﬁ aticr’ (F‘gure 3)

" otherwiss noted.

CHAPTER II L,
EXPERIMENTAL

1. _Appdratus | e \ -

"B two*stage_mercury diffusion pump and a welsh “Duo-
. < . N

Seal'" mechanical pump .WETe used to Cvacuate a convent;onal
) . : s N ' :
vacuum apparatus ‘to 105-6 °T'r. The distillation train,
storage. bulbs and cell Sectgbn were Kkept grease-free'by
using Springham stcpeecks, Delmar me*cury rloet' valves and
Hoke valves. Dressure wac'measured using a mercury canomé-

tar, a Bﬁrat:on MKS geuge ard a Pirani gauge.

b

Kinetic~studies uere carried out in. .a circ la= 1ng

system (Figure 2) uclng a flaqh technlque while expe‘*msr*s

d)

m

’
- e

r"—/_

. : |
o s .

N

(a) The Circulating Systen

Mercury»vapbur concentééﬁibn wae:>contrelled- by -eirff
culating ‘the éubstrateveges(eéf over a pooleof mercurf'ag
aabientﬂ mperature and then through d 10 ¢cm long condenser
(strlpper) Facked with 1/6 inch. %&acs‘ﬁelzcee. The strippeg

temperature was maintained vat' 20.C + C.10C, rex¢ept where

¢
;% @

4_ Ty
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The reaction cell was connd€ted to the mercu:y stripper

R

by a two foot length of tubing wrapped with~heating tape

,uhlch alloued for'pre-heating of the guses for the . experi-

ments conducted at elevated temperatures. Heating tape,was

<o

wrapped around the eptlre cvrculatlng Systen in the runs

,41

_vwhlch requlred high mercury .vapour- pressures.'

)

Circulatjion of the gases Was etfected by means of a
metal fan on '"Rulon-Aﬁc bearings' uhichh_uas magnefically'

coupled to a drive motQr operatlng at abou+ 1860 rpm. The

gases were c1rculated fer approx1mately ore minute before

flashlng to establlsh a constant mercdry vapour presgure;

(1) Cell-iamp Assembly
The basic features of the flash lamp-cell combination
. 2 . .v

(Figure 1) were adcpred %rom Callear and McGurk (113); The

.lamp was constructed of two 50 mm long quartz tubes, 22 and
. : . . L d . .

~
‘-

5% mm i.d., sealed ;ogefher at the =nds. The'lamp cpatéined

*wo - torr of helium and the Ssaturation vapour}preéeure.of

ercury at,room temperature. A silicone greased ground glass

s+opccck 1solateq the amp from the vacudm apparagtus. _TQQ
tung:ten electrode'oalrc'uere conncc;ed by co- ax1a1\cable to
, ' : /i

a» ons mlcrofarad yNFG low 1nductance capa01tor.=“he~decay

'

llfetlme of the flach was two mlcrosecondg&QB’Lgss uhen_cthe

.vcapaCJtor bwas operated at. 12 kv. A weék;tq;l dfter the maln

w

flash had a decay llfeulme of 50 to 6C mlcrOSeconds.
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luo arborite plates, glued to the ‘ends of * the lamp,'

eerved to center an 8 mm i.d. spectrosil cellfaldag‘the lamp
axis vand to enclose ‘an annular coméartment thrcuqh which a
filter~solution was circulated. - The cellf tempera+ure ‘Was
controlledA 5y ragulating' the temperature (1 2°C) of thé
filter solution. Pubber collimators attached to the cell at

one cn 1ntervals mlnlmlzed the stray llght radlated from the

cell but did nét hamper_the flow of the filter solution.
: R s v , y

2 Dhotograpn of the spec+rum observed through'the cell

VH’pdow of 100 lamp flrlngs shoued a ctrong .25378 ,llne and
.other, much weaker, mercury and tungeten lines.
(i) The Filter Sclutipn., ' . )

A saturatea 1:1 aqueou= sclutior ° of NisO, -CoS0,

bcontalnlng 200 mg/llter of the wu.v. dye 2,7-didethyl-3f6-

dlazocyclohepta-1,6-d1ene. perchlora\\w (1U3) ﬁae qsed._This

Qolutlcn hed a transmission of 20% at 253 7%, 0.2% ‘at uOU?XV_

land about C.6% at 29€7R and U3583 No change.in the spectral

‘characterlstlcs of the colutlon was detected cver. a perlod“

of several menths Cr ‘'upcn:heating to 80°C.

(lii) The Spectrograph}

.

b'The end wlrdow of the C°1L was placed 1mmed1ately ]ia:

front of the slit cf a Hllger Watts Model Eu98 medium- quartz

Spectrograph The 511+ wldth was set at SOC microns.
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CB,

L ;—?2-4&

' R g
(iv) The Light Detection and Recording Instruments.
- .
4P28 photomultlpller, housed in a E72O scannlng;

m ' -

" An .

unit that%“e laced the plate hclder, was, used to monltor the
emlttcd llgut 1nfen51ty.\The photomuirlpller could be movedo'
to__any de51red locatlon in the focal plane of the spectro-
graph to record the 1light 1nten51ty at ‘a' pcrtlcular wave-

length.x A slit in front of the photomultiplier admitred_a

f1ve angstrom handwlth Pcuer_for the photomultiplieic'was

supp11 d by a Harrlcon 611CA DC pouer supply operating- at

900 vo ts., The pre- amplﬂfler was pouered b) a .Stark model

PS¢ power supply dellver ng 80 volts. The output signal

was ampllfled and dlcplayed on the screer of-.a“ Hewlett-
Packard. 130C osc1lloscope and recorded on type 107 Polar01d ,v

film.
c (V) bata Frocessing.

. The curves on the photographs WELEe COnvert ed to dlglral

form uC1ug ‘a dlqltlzer fac1llty at +he Unlverslty of Alberra

computlng center. Whe (x,y) co- ordlnates of fp rts on the

curvec uere determlned electronlcally and stored on magn ct‘C_
tapc P01nts uere recorded at what correspcnded to 1C'micxp¥'
second 1ntervals, beglnnlng RO mlcroseconds arter the flash.

&,
A
' '- -2

NFlfteen &tof_ms_ pblnts could be obtalned depending on the

bos

“_lcurve belng measured The data were then processed by an IBM

LIS

36C/6/ computer.

a
Ere
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The slopes and int?rcept values of straight line rfplots
were determined by least—squares analysis of the data points

wherever possible. For plcts which were not straight lines,

curve fitting was carried out using iterative procedures toj

determine the value of & particular variable which would

give the best fit..

(vi) Operating Procedure.

The experiments with 'nitrogen—substrate gas miytures-

were carrled out by 1n1t1ally filling a 6 11ter stora e bulb
to a pressure of’ about 1200 torr with: purlfled nltrogén (see
fbelow). A sultable quantlty of the =ubstrate gas was 1ntro-
duced into a three liter m1x1ng flask to which nltrogen from
the sterage bulb was added. Succe551ve ,reductlon of = the
origihal nltrogen/forelgn gas ratio was carried out by the
addltlcn of more- nltrogen to the mixing flask. The mixtures

‘were stirred for a'mln;mum‘of five minutes before use. In

O _ -

most cases, two' flashes of each mixture and four. of thé

, N , . K
. purified nitrogen were. taken. The n*trogen concentratlon'vas

kept at 1.0€6 x "10—5S mole oc-l ,exceé&ouhere otherwlse noted

In - cases where pure substrate gas was flashed, the gas was

s’mply 1ntroduced into the cell from the storage vessel. The'

cell section was evacuated after each flash ,to'“el;mlnate'

p0551tle 1nterference from reactlon products.

-

. (b). The Flow Systen.



[ The experiments designed to record the spectra of (Hg*-
‘,substrate) .ccmplexeS'were carried out in a‘single pass flow

- System. ln these ex eriments, the hotomulti lier attachment
? p p P )

was replaced by a plate holder.
(il Egisa;on Cell;m

A double~wall spectrosil”cell .10 X 245 mm, was .con-

A -

structed with the inlet and outlet tubes as close to the end
v1ndowc as poss1ble to eliminate dead space. The double dall

enabled _the filter solutior (6 mnm radial path length) *0 be

v

circulated around theﬁcell. Elackened plates, spaced one
2 . !
inch apar _collimated the 1nc1dent radiation from the exci-

twng cource. Light emerging from the waudow was focused onto

the slit of the spectrograph. ' vafﬁlw‘

) . . v "G;}) .

(ii) Light.SOurce.
[ 3

The incident radiaticn was provided;;"

Fressure rescrarce lamps, #87a-45, situ“igﬁ’ opposite
' NGRS ;o

sides of the cell. The lamps and cell wes nclosgd in a

light tight box which was flushed with a strea‘ ,ﬁnitrogen

pA -
that cooled the lamps and prevented ozone formation in the

encloscre,

(11i) Photographic Plates. ‘ , ’ h
‘Kodak 103a-o photographic plates having a 1linear vre-

1y
Lot

- sponse. to wavelengths between' 24C0R% and 50003~were»used

<
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-

af: 7 15 s=cond expcsure - - .weak white light. Thi; treat-
me - en-urel the linearity 6f the optical density with the
1 - of the _ntensitv. The ;atés were »deveioped for 3.5
L. "rles at 250C in Kodak 19 developer. AiJoyce—Loebl auto-
mat-c r cording MK II° _ microdensitometer was used for
measurirn - optical tties. | | *

~'(iv) Cperating Prccedure.

7

"

Suitable}témperafufe baths Gere used to estabiiéhﬂ a
knoun‘pressﬁ;é of suﬁéxrate gas in a‘ballast volume. %ercury
‘ vapé9T‘ was included in the'input stream by passinjg the gas
over a pool cf mercurf at usoc and then through an efficient
condenser malntalned ct 26.0 ¢ 5.1 qcf,;he-gas éressu;e, and.
flow = in ‘the cell were’ con?rolled vby Two Eduardéuﬁeedle
valvss, Iocated:upstream aﬂd QOunsfream from - the cell. A

Matheson R-Z-152A2 rotameter was used to measure the gas.

The gases studied were of highest purity avaiiable.
Those condensable at v—1965C wvere subjected <o several,
ffeezg-pumpbthaw dycles. Where the'éurity was éuspecp; the
gases #gere dls*llled fégm 'appropriaté‘ low vtemperatﬁre
slushcs until only a ,¢ngle peakvappeared.when ahalyied by

vapour :phase chrpmatoggpphy. ﬁass=spectrometry wvas used'to

5

-k

R
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\
, o Lo
assay the methane used which ¥as found to contaln less thap

Ly BRI
iy 2 'S

two pEm of ‘impuritis ' ﬁﬁa : ' ) ﬁ"y

Nitrogen gae used in the klnetlc studaes was_ obtained
‘from Canadlan L1qu1€j§ar and had a stated purlty of 99.993
mole percent. Furth@& purlflcatlon was carrled out by. pas4‘
51ng the nltrogen through 2C X BCC mm glasc tube packed wlfh
copper rurnlngc heated to 27“°C. At this temperature, oxygen
llmpurlty is converzted to CucC. Waterﬁimpuritvaas removed by
condensatlon in a trarg ecntaining a molecular sieve main;
tained ar -780C. Compariscn of some sample results-using the
purified nitrdgenm ard Airco agalyz:d nltrogen (max1mum im-

-

purities of‘2 ppmf Qhoued rno 51gn1f1can*v dlfferences, thus

ascurlng acceptable purlty of the prepared nitrogen.

e
%}*f
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THE INTERACTION OF 'EXCITED MERCURY ATOMS WITH NITROGEN

oot
AR

flashed Hg- n*trogen mlxtures was undertaken in:!order . to

estab11¢h a framework for experiments on the quewching of -

HgO atoms to be described in Chapter'Iv. B

-
3
1
n
=
—
+
"

———— — e il i e

‘The ratgﬁof removal of Hgo atoms in, mercury nltrogen

‘mixtures was determlned by meacurlng the exponentlal decay

o-

vuitrogenz'preééure (Figures € and 6)'and temperature (Flgure

of the delajed fluorescence 1nten51ty as a funct*on of

h). Theﬂresults have been 1nterpretedx1n terms of the fol-

*

1ow1ng reaction schenme: 4 , o ’7,"‘ o kfbb.‘t
Hg + hv(25378) —> Bgx I 1]
“Hg* —9'Hg + hv (25378) | ‘ | [2j
“Hg* + N, -> HGO + Nz(v 1) : f, _' [11]
\Hgo + N, - Hg* + N, ) ' '.’ o (2]
Hgo + Hg + N, = ugzr A(31uyf+-nz, | 'v[13J_‘

Quenchlng of Hg* and HgO to the ground state and spontaneous
amissiorn - from Hg° are negllglbly slow 1% comparlson to the

other relaxatlon p;ocecses and are omltted from the reaction

1

61U

A detailba kinetic study of the processes occurringiip
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g5

was indicatedwby an upward curvature in Figure 5 in this

s
Ve

' | _ 6T

mechanism. Loss of HgO atoms by dlffu51on to the ualls “only’

Tea v

becomes important at N, pressures, less than 10 torr whlch

region, in qualitative agreement with Pitre and co-workers

-~ . L .

7).
; . e J
- The experlmental decayﬁtonstant kN , of . the delayed
2. ) : N
: v
fluoreccence is glven by th%Lexpre531on ,: e
: k(N5 ] {.klg;[ﬂg] + ki) + ky kys [ Hg ][Nz]z .
T o=k = : , - S [147
T2 : k, ¢ Ky [Nz,] --“ A :

which was obtained as a s%}utlon of the sxmultanoous dlf-,.

¥

. fercntlal equatlonc 1nvolv1ng Hg* and HgO bya'the standard

method of di ffe*ent*at*or.and ellmlnat or (see Appendix A).
. i RN .

The values_of'the approefiate-rate constants, listed in
Table V, were applied to equation [1u] to detérmine the

value of k ‘Which Tect fitted the ‘experimentally obsérved
13 RS _ p ¢ .

. - : . . @ _
decay rates at nitrogen pressures ranging from 5 to 500 torr ..
for a constant mercury preésure of-u.s-x 1C—‘:torr'at z9¢c¢,

(Fiquré f)« The derived value of ‘kxs uas u.- X 1C16 cc2 ’j
S . T ' . R
mole—Zsec—l, in fair agreement with :1.1 X 1C1e -cczmole 2.

)

sec—l‘(90x; rrobably the best previons value,
.- Rt h1gh n1+rogcn pre:surcs equatlon [16] can be si mpll-

fied te the form . T

~ t
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"TABLE V
> : " i .
. -
S /
: ()'cf‘A e . , ' L
R age Constant Values Employed’'in the
‘Kinetic Calculatiops in the Hg (3P,) + N, Systenm.
N . ’ -
Fate <§£§ Eate Constant Referenge
’ L)
.
k 5.76 x 106 gec-1 Ca)
: . éf/\
Kqiy 3.93 x 1012 ccimolé-1sac—1 . ' N
wit% a@ temperature dependerce (4u) .
of‘exp(-16QC/FT) : ,
ki ' 3ky, exp(-%.% x 1C3/FT) . (88)
Kye 1.0 x 107 gec~1 . ~ (85), (89)
2.0 x 104 sec=1 ‘ C (86)
Kip . ~ 2.6 x 1013 cc mole-tgec—1 - (81)
Kig {; 2 x 1Qi2 cc mple-lsecri ’ (82)
s Kpq~ 2¢." sec—1 (853)
0.5 sec—1. © (6) °

L : ' R N
2y Calculated fQqr 4.9x10-4¢ torr Hg at 290C using Yang's
: imprisqnmept»formulq?(15), With T5= 1. 01%10-7 sec—¥ (5).
S A . ' B §

: CE -
€ : : e e, '

2



/T = KN; = 3.0 exp(=5.¢ x 1C3/6T) b, 0~k13[H§][Ntﬁ :[35J3"

(see Appanaix A) and describes the contrzbutlon to the decay

" rate of Hgo by delayed fluorescence and excimer fornatron.

v 1

rhe predicted linear‘ dependence‘ of the decay rate on the
nitrogen concenirationd has been observed, at least for
nitrogen' pressures greater than 100 torr (Flgures 5 and 6) .

" Since both terms in equatlon [15] depena on the_ mercury'
'concentratlon and tend to counteractneach other, the decay
cote as adfunction of mercury concentratlon 1:>9%xpected to

be complex. Hithin €xperimental error, no. change in the rate

-«.m-,

2L deca of HgO? atoms was observed on' var 1n the mercury
Yy g ¥ 9 » Y

pisssure’ rrom‘-.S x 10“ to 1.2 x 10-3 torr at  290c, Data

4

taxen from’ difrerent experlmeuts lndlgate & linear "depen~ .
3 ace of the rate at higher mercury concentratrons where the

-mprrsonment of resonance radiation 1s-increased, i.e., the

\

valu~ of k, is dfastlcally reduceds

. . \ y i’ , ’ .
~1The ‘increase in the decay rate or metasrable atoms as

©

rhe temperatur~ is 1ncreased is a manlrestatlon of the five
kcal/mole energy vdifference separaxlng tne ~Hg° and Hg*
states. Tnls theore 1cal actlvatlon energy for reactlon {12]
1s expressed by .the. exponentlal ter o in ‘equation- [15] ande

can be derlvea' from the 1ntercep s 1n~FLgure 6. Usingrthe

.v‘

tvo 1ntercept values, and correctlng ror the change in the

radiative llfetlme of Hg* at the two dirfferent temperatures

quLng Yang's foruula 115), an activation enerygy of 5.4 ¢ .9
L » ’ ’ :

’

t
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.

kcal/mole w?s/ralculafed.
The mercury, €xcimer bands centered at 3350% and NSSOX
-could not be observed under condltlons of loy ‘1mprlsonment'
of the resonance radlatlon. Wlth nwtrogen precsures greater
than' 200 torr and the mercury pressure at " 5.47 x 10-2 rtorr
at 8109 the value of k2 was decreased suf11c1ently to allow
thé dct€C+lOP of the 48508 band and - a concurrent decrease in
theb'delayed fluorescence 1nten51ty was also observed. The -
335CX band r'ould hot be detected owlng to the eff1c1ent coen -
verslcn/of the ng* exci mer to the (30u) state;at the nltro-
< .

gen pIESSures used’ in. the experlments. Flgure 7 dlsplays the

*time dependencevpf rhe 485Cﬂ band wi th 86 torr nitrogen.
: W | . ——

' F R . - ~—_.

Tn additiorn to .the reactions on page"éu"tbe followlng

mechéﬁi'm has been cmployed to explaln the observed result5°

,;ngﬁ A(31,) —éfang'+~ho(33soﬁf - [16]
‘l , : ' . . N \‘ ’ . ‘A. . - ) ' :
ﬁ@z* + Néggé Hg,**¥ A (307) +.N; ) (171 -
n'qu* + Nz *9\239'; Npt - o 18]
Hg,#* —> 2Hg + ho(UB 0f) F o 19
CHga*E 4 N, = 2Hg + N, . {201
¢ AR e —

. {
where the prime denotés vibrational and *lhLe asteﬁmsk elec-
tronic and vibrational excitation. DeaCtivation of Hg,* on

the walls (85) is muc siouer than collrs*onal relaxatlon.

and is not rncluded 1n the reactlon mecharlsm. @

. %

»
LY
b
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Given that [(Hg®] = A exp (- k t); where kN can be
'measured from the decay of dela?ed fluorescence 1nten51ty,
succe551ve 1ntegrat10n of -the rate equatlons ‘involving Hg, ** .

yveldc the followlng éxpre sion fOr.the UBSOX band intensity

in time [(see Aiiiggiﬁ B) :

B Kigky, kg [HQINZIZ (X = ¥ +'23-0 4
’Ideso T - : | R v [2J ¥
. (p-m) (v-m) (v-p) '

where;ﬂ n = kNé _ s
P = ki + Ky 15)[Nz] ')
.Vf:lﬁ + km[“z] C | B . .
- X = ‘(v-p)exP(;f’ﬁa?‘b) - | |
eY,: (v?u)exp(4pt) ‘ .
z = (p- m)exp( vt) and )

A' is a- conctantﬁcf pr0port’ona11ty 4h1ch 1ncludes'

L

such factors as”the photomultlplverv response and

~dispers Qn of tnecspectroscopa.
L kKo Was evaluated Ly matcthg the decay of the MBSCK
band inten nei ty givern by equatlon [21] to the experlmentally'
"obserued decay‘rate measured with 200, 4ct, 6C0 and‘8OO torr
. :5‘ . ’ ) ) ,‘ B ) ’
nitrogen. . Rate constant, values for the various reactions .

A

involved wer— +aken fror Table v, alcng u;th “the value of

/)

u.8 x JCie cczmole 2¢ec—l for k13. The bect value of kzo for
‘ each off \‘he‘7 four nltroger pressure ‘Was obtalned by mlrl-‘
mlzlng *he ctandard dev*atlon b twecn the Calculated and ex-

\

per*mental p01nts.,1he averﬁge value of kzo obtalned in thls'

\"
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,manncr is approx1mately 7 x 108 cc mole‘lsec-l for elther of
tho two values of " k,6 and k, llstea in Table V. Thls flgure

1s abcut two orders of magn*tude greatar tban ‘that noted '&Yj
, S0y . o
PenzeC .and -~ co-workers (81) -The- estlmatod ~erfor in thev

present value'ié:adfactor of fivé;f““ o j
Ladd and'cé*woﬁkéré (86) havc pos+ulated a preaturo in-

/

duced eﬁission‘brocess'for the - HBSOK band. Ifﬁ‘thei,above,'

mechanism is modified so that +the reactions'

» - e .
.

ng** + N% —9 2Hg + Nz + hu(083 3) "'uf2§]lf

Hgp#s 4 Hg > JHg . hu(uesoﬂT\ [:23‘]'»-' o

replacé ‘reactions [10] Hrd [ZJ], no ;morovcment 1n £f1 ttlng

the apppoprlately modlfled cquatlor {71] to ‘the T'esul*rs ‘as""'

observed.

Th@‘ mercury photocems flzatﬂon oL trogen h;S‘atttac?

.*ed a orﬂat “deal of ctuoy 51rce 1t 1% UquUb in’ 4 ff ciertly

. I’)'4

brlnglnq about - s;;n ornlt rclathlcr of Hgx* to HgO® withoutr

apprec1ably quenchlng elther of thece “t'wWo Cpec’ec tov the -

@rcund 'ctate It bas becn .cons dercd that the major mode of

'.deactlvatlon of the metactablc atomc producea 1v thls cystem

‘__‘).,.
A

is ty thc rormatlon cf thc dlaLOmlC A(31 ) “mercurx .eX¢imer

wlth nltrogen as a.chaperonr (81 bQ %C). The resulrs of'ﬁhe,

'

present 1nvest1gat*cn clearly demonctr € ;thqt_ under ,-con-



T4

dlthDS of low 1mprlsonment or. resonance fluorescence, .col~-
lisiornal promotlon of metasrable atoms to the 3P1 state,

follou—d by 25378 emlss1on is the cblef process by which FgO,

K2

atoms are removed ThlS can be seen by*reference to equatlon
'[15] which predlcts that at 1low ’nercuryn concentrations,
where k. -s large, the first teérm accounts for\almost all of

the observed decay rate, If kZ‘lS made very~small'by in-

-

creasing the mercury concentration, thus increasing.the ra- '
diative ilifetime of Hg* atoms, the major contrlbutlon to the

observed decay rate is due to the secon&\term, i.e. exc1mer

a

formation. ahls predlctlon has been verlfled in the high

.temperature experlments. At low mercury concentratlons, the

r

delayed fluorescence appeared strongly uhereas the em1551oni
bands from the mercury ex01mers could not be detected " In-
crea31ng the mercury concentratlon Some 50- fold resulted Hin

a 1u fold decrease of the delayed fluorescence 1ntens1ty and//’//

the appearance of the QBSCX band.'jl lf«

b*he fact that the decay rate of delayed fluorescence at
299C was 1ndependent of mercury pressures betueen 2 5 x 10-9

1

and’ 1.z x 10— 3gtorr can be explalned in terms of the criti-

N . - I R
‘'cal role of 1mprlsonment of the Lesonance - radlatlon. Under

these conditions, lncreaSLng the mercury concentratlon ré‘

-equatlon [15] 9ueethls 1s offset by a decrease 1n k2 in vthe”
,flrst term.- Since the formatlod\of excrmer varles from 3 G

to 22. 2% of the total decay of Hg° atoms 1n 500 torr Nz' a

S i e S

i
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s .
much larger increase in this mode of decay ‘is needed to off-

- set a smaller decrease in the radlatlve lifetime to obtaln a

cancellation of the "~ two factors. The U4.8-fold increase in.

the mercury concentration would produce a 9.1% increase in .

.the rate of decay of Hoo atoms, but the 1;25»reduction of k,
corresponds to .a j0;1% decrease in the¥decay'rate. This:
difference 1s well within experlmental limits. The depen¥
dence of the decay rate on the mercury concentratlon could

o

only be measured at much hlgher Hg vapour pressures 7where

the contrlbutlon to the decay rate by delayed fluorescence

2

becones very small in- comparlson to the decay of Hgo vatoms

by excimer formation, h

It is"evadent that 1nterpretatlon of the reactlons of

Hgo atoms with added substrates in mercury nltrogen mlxtures
g "

‘may be,compllcated‘by the presence of Hg* atonms 1n this sys-

tem. The extent of the wnterference by Hg= atoms will: depenc

'on the exn;zigeﬂtal technlque and condltlors used in the in-
'vestigatio . R ' 4 . - S e

: . . : s
Vibrationally excited nitrogen molecules formed 1n the

_spin-orbit relaxatlon Cof Hg* atoms appear to be of llttle

e e
T

1mportance in contrlbutlng to the reverse reacthn rate. The

measured actlvatlon energy of 5.4 kcal/mole for the pro-

©

motion of Hg# atoms to the 3? level suggests that thlS is
.,brought about' y COlllSlODS ulth thermally equlllbrated ni-

Y ) !
trogen molecul s. AN : ..

. - . . . a
PR N . - .
\ R .

4

~
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Callear (130) has measured. the _decay rate of 2537%

radiation in Hg-N, mixtures with essentially the same ap-

-paratus as tged in the Present work. He calculated that the

major mode‘ of relaxation of '‘Hgo atoms  was by delayed fluo-

rescence for nltrogen Fressures less than 50 torr. He also

suggested - tbat .the increase inythe'decay rate for‘nitrogen

Pressures greater than 106¢ torr waé/probably due ~to oxyger

impurityr The present work d éostrates that delayed fluo—
' \

rescence is the Primary mode o decay for Nz pressures up to

several atmospheres, under condl*lons of low 1mprlsonment,

~a@nd.-* that +he gradual increase in the decay rate with in-

~ creasing nitrogen gressure is due to'the'increasing rate of

&

'excimer'vformat*on. Callear has also assumed tbat the decay

rate-cf delayed fluorescence decreases to zero as ‘the nitro-

’igen pressure is reduced. to zero. In the Present work it was

noted that an 1ncrea°e in +he decay rate becomes apparent at

nitrogen pressurcc less than 186 torr. This can be explalned

in'terms of the 1ncrea<ed 1mportance of deactlvatlon of Hg°

- atoms a< the wall (c 7&),/

f

- . . . . . y

The experimental data ooncernlng the tlme dependence of

the QBDDK band 1nt nslty could ‘be equally well descrlbed by

/

assuming elther a spOMtaneouc em1551on of the ng** excimer

) or a pressurc 1nduced em1¢51on (86) - since the ar-=

bi trary fac+or, A', in equatlon [21] can be adjusted to suit

both possrbilities; The fast decay rate of the. 485C%- band

.
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infensity obtained'undef the present conditions implies that
ths ‘(36—) state is r@.axed prlmarlly by a colllslonal pro-
cess, but whether this chUltS in quenching (81) or pressure
1nduced ‘emission (8h) cannof be dOtermlned from the dété. Ig/
-elther case,vtho two crder of magr1+ude increase in the rate
constgnt measured at 810C (present uork) from that .measured
at 2C°C'(81) would suggest that the ‘reaction isiseﬁperatufe_

dependent.



" CHAPTER IV

[y

INTERACTION OF Hg (3F,) ATOMS WITH FORFIGN GASES

.Rate constants for the quenchihg of Hgozaroms' by for-
eigh éaSee ) excepf' NHJ, were determined by measurlng the
tlme dependcnce of the aelayed fluorescence 1nten51ty _as a
~functionm of the partﬂal precsure of quencher gas\rn flashed
’Hg-Né mixtures. Data, was obtalned at 27(r2)°C and at

75 (+1)0cC.

~\The resul‘s were 1nterpretcd in tenms of reactlons [1]:7

.[2], and [11]-[13] usea in Chapter TIII and the following:

. Hg®* + 0 => Hg + products (207
Ha* + 0 > HgO + ¢ [25)
ﬁ90_+ Q —> Hg + prcducts . [26]

. \( F . - ’ - L . .
- q - AG indi

where Q denotecs a uencher moleculs argd "(Eroducts" indicate
N ‘ = , F >

\\

decomposition, electronic excitation, e+c.,' of the molecule
or bend emission. The'above}me&hanism is a _simplified but

ekperimentally'indistinquishable.versioh of & more detail=d

i§chem€ thaf.ipcludes ccmpler formation: . . -
Hg* + ¢ S (agoyx S 27 -
(HgQ) * —> Hgr + /0 N 1A
'.(HéQ)* -> Hg f/prcducts c._' [28]
o LR A .
dp o (MO ® > Hge w0t 0]
’ 78 |

b
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HGo ¢ G 3 (HgQ)o o (30
(Hgo)© =>’Hgo + ¢ - 1-30] ﬁ
(FgQ)O}—> Hg + products. : [(31]

1. | |

. .

The rates of the rzzctions considered above are related to

the decay rate corstant, kr, of the delayad fluorescence in-

a

';enb¢ty Sy-the formula (sce Appendlx C):

iquenche: is present, namely:

e

“he correction tern, K.okyp 7k, and inserted irnto

d/f\? Ky = k:3fﬁg]fN2] *okokp /Ky v (ky Ry 7k vk, )[Q])

[32]

. . . ) . . ‘ Q' . . - '
The intercept of k, vs [Q] plots, (ks [HGI(N,] + kzklz/kl.),

t

represents the rate of :emoval ,of HgO atoms by nitrogan

v

molecules bthh ,as'po¢nted out 1n Cnapter TII, is via exci-
f s g .

mer formation de'emLSSLOL o;)ZSBjX nadiation. The slope;

- . i. ‘{ ,’ - . . :

(kz4k{z/Kng"k25), ko desc}ibes the contwloutlon to the

decay rcete by the Huencher gas ana indicates tbat tke “ra-.

laxat;oi of 'Hgo atqms is affeCted by twc p:dceSSes when a

d o

(i),Quenéhing'ot Hgx* atom$ (produced by collisions oL

igo.  atoms Uitp_ N

-
<

) .expressed by the term
,524&12/k11[Q] and
(ij) quenc:lna oL hg° agzms dlroctly, glven oy the term

cé(Q] ) : - ’ . ) . @
Krs values were Ca&culéted from the slopes by SubtraCting
- . . : h - . ;!:‘




S N ) :
) . < 8 o o [ ——-—-’ - :
l ) \)4 . -+ .
. WL oy e el e '
.\_Flcgqff‘ j7 3N kzZKJBnFQ‘HH8+HQlZ(Huduq)}t/z ,[33]
o R S R |
R e T . ’ /
. to obtain ¥WEnching cross-sections. o : a

PN
e

: : : : ‘ ,
The correctlon term was calculated u51ng the walues of"
, Y .

\,{ kll» and klz found ln'Table v and assumlng ‘that ka4 equals

- [ R

vk*(1 ¢°) where k* 1s the quenchlng ratLj constant for Hg*

atoms measured by the thSl l;method nd»oo is the quantumr

. T

. N N\
\yleld‘of Hg° formatlon.*k* values-were taken from Table I,
i f

vith preference‘xglven tc ?ﬁose of reference (45) and (38)

- . \

's1nce these represent the\most exten51ve and unified set of

]

determinatrons avallable in *the ﬁllterature.’ The quantum
-

- ’

7y1eld for spin- orblt relaxatlon were taken from Teference
S (66) ct Table II. Hhere 00 valuec are ‘not avallable, a“range.
. of values -f.r k26‘uere Calculated correqunding to ¢°-= 0

~and $0 =1 (1den“

’cal to kQ) for the room temperature data.

Lack of data o‘ak* and ¢° at hlgher temperatures prevented

the calculatlon of the correctlon term and, consequently, ofcp
kzg+ "In these. cases ,kQ values; 1ere used 11thout modifi-~
R . . e .
catlon%to calculame (00)2 values.\ ; ?//
B S e [l
. o f,‘; ’ N .
¢ i N . . ’ ( g N
% } ;"“ . S-. ' \' . . e . g
1__1§9tog_c der_ggg_ggo Hydrggarbon Compounds. -
—_— (a) ‘ Results. \ oo ) e '{;- o ".‘:':‘7-_:"';_5‘ " o - .Y . .
. ) » ‘ \ / .. N R

Quenching cross-sections ’were'ddétekmined as'outlined

above for several llght and deuterated alkanes,""hydrogen,
- ,J . " . !

Lt



. . . ; :
deuteriun, ethylene and deuterated ethylene and thé& results
' ) . o o Y
are presented in Table VI. A detailed description‘follogsfd
F Q o

<; The decay‘lifetlje{ 1/n\>9f delayed fluorescence was

measureﬂ‘_as a function of propane and neopentane concentra-

’

6& \tions at'29 and 75°C,-and a nltrogen bath -concentration of
Vo :

2.12 x 10-s moles cc-l' as vell as the standard 1.06 x 10—
r .

moles cc—1 (Flgures 8 .and 9). The kQ values Wwere the,”same,*_;

within,experlmental error, at both;temperatures and nitrogeni¥

concentfat*ons. The data from the two nitrogen experiments

vere averaged before calculatlng (do)z at each of the two

temperatures. lK\b; B <

~ aExperiments with'ﬁethane, ' wne, cyclo-pentane, cyclo-

r

hef\ne and deuterated c?clo-pentane and cyclo-hexane vere
done at ambient- temperatures and at lijs/i;lth the lowe;@ﬁ

nltrogen conceutratlgn only. \blots of 1/7 vs the qG@ncher'

»gas concentratlon are . dls/layed 1n Flgures 10 12.

7 . : J _ . i o
ﬂ/r values vere neasured at various concentrations of

/

. M/hydrogen, deuterlum, propane-dz, n- butane, iso-butane, ethy-

-

lene and deuterated: _ethylene at room temperature (Figures
‘ : ' .3 ' : o .
-13-16) with the nitrogen bath concentration kept at

1.06 x°10-% moles cc—1. oy

As can be seen in Pigure 10 and Table VI.ka for CH4 is
about doubled in goin;\(rOl 29_¥o_750c,\ﬂowever, the correc-

tion term accounted forl92% of kg at the louer'tenperature.
\\; ‘ o . . ) \. '

~ ) : : . ’ . ~

N oL B \”31
-' . ' ' ' 4 &'
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TABLE VI wmn - : [
o Quenchingwbata for Hg(3P§y Atoms by Isotopic ’
- Hydr9geﬂ ande&d#ocarbqn Molecules <;5. - g
T TRy ok molemtmeant by TTETIRRRRISscesoeres
‘Compound - | 2§9c .. 7Ts0c . . 290C ey 750c €dd
H, . (4.42.2)x1013. " . T 0,92 5
D | (1.9%.1)x1013k‘: | 055 ‘\;
| CH, . (3.8t.5)x1Ce (7}81.91x1oe 2 x10-6 5.8x10-5 ¢
‘CpHg 7 (1;31.1)x1oxo' (1.4£.1) x1010  0.0C14 040014
CsHa  (2.32£.7)x1011  (2.2#,2)x1011  0.628 - 0.026
jcn,cnzgésﬁ(sfji.e)ijté C 0.011 u
n=CqsH;g (7.9:.&);1912 : . v 1.1
:‘;7c‘ulo (2.6igzix1b:3; f. !L " 3.6
'é(ca,)" >(3.91.2)*10&°',(3;9:;3)x10l91 0.0053 G.0055 |
G-CsHyy . (2.5%.2)x1012 (1}81.3);1612 0.38 -0.37 0.7 - ﬂ_“
c-CsDyq  '(5;31;u)x1oxf\'(5.11;5)k10}zv 5.084=-0,077 o,b7a{
cCehyg fg.s&.u)xiozz (2:b£.3) %1612 0.53 - 0.52 0.36
c=CgDja (é?bi.U)*1O{1 (u;si;g)x1ont 6.051-0.645 0.071
CaHy - £2.U4%.2)x1014 o \ 25 : \Va' x :, wf;f
CaDe - (2.3£.1)x1014 S 26 A ,
“'_“,--,-------—-,--f----:-----.-.---’-----"‘:f """ '.“*-'-‘“;.f °°°°° ' L

a. ETror limits are given in standard deviation.

. b. kQ'=jslope.pr1/T.vs. (Qj-plots'f kKaakya /Ky, + Kzee

- Ch Calculq;ed'from,kés = kq = k*(1-¢9) ky2 /k;;. Where ¢9 is not
available, a range of (¢%) 2 values are reported for $0=0
and ¢9°=1, o - . ' _

R TSNPEN

a. Calcuiéted~éirectly from kg.

¥l

~ .
PR
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1/t % 107 (sec™!)
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FIGURE 8: 1/t vs_CQH.cqpcentratioh,
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1/1 x 10-°" (séc-!)

"3 FIGUBE 9: 1/t vsnéo4C5H;2 concentration.'
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Th= value of 4.9 x 1011 cc mole-lsec°l for k?_4 was taken

N7
— - Now «

from Horiguchi . and, suchlya (67) to determlne 226 in thls
- A b ,‘, 4
case. The correctlon term plays a key role 1n.theneva1uatlon

of ’the exper1menta1 data at SOC also. “1f k24 remalns
constant, then the exponentlal term in k,z/k11 voﬁld/account

o

for a three fold 1ncrease in kq. The observed 1n¢rease is

betueen 1.6 and 2.6 consaderlng the statlstlcal error" The~

.* ﬁ

Y-

[N

quenchlqg Cross- sectlon for CH4 at 750C entered 1n Iable VI‘

. was calculated from kq,~uh1ch 1ncludesfthe correctloa term,
4 [ - ,.]g. /(\

Ed

TS

b . .
and is, therefore, an upper llmlt by at least ‘an» order g&\f’

u
N o

. i - N A' \ . "‘¥ "/ C,‘
magnltude. R o A ' b

: “w . . , ] ' ! . o

. ~ - A
¢ :

2 ':?' P s T L

Hethane' 1s such a pobr ﬁuencher that up to 100 torrfof s

:.'i

thls*substrate were’ requlred in m*xtures ulth nltrogen ‘1n

K order to ac\\eve detectable:quenchlng. Thls large amount of
v oa

v, substra*e could compllcate the kinétics. For thls ‘Leason the-

'effect of cg. alone on’ the 25373 fluorescence was v1nvest1~'

gated} The decay’ rate of the resonance llne was 1dent1cal
‘ultﬁ\pure mercury vapour er with 2C0 torr of methane in the

cell ~and ass res .that‘ the -assumptlons made in derlving

«

-

N

h

eguat1on (32) .ar 'still-valid, even ‘for the lafye percgptage/ez

of, methane in the mixture. A ' : ,
‘ * - ) . Q ~‘ - o . N " ; "1\..

R
1
-

Hlth the exceptlon of CH4. the correctlon term varled

- NRd Ey

“frod a hlgh of. 10% fcr neopentane andac~C5D1° to less than

A

1% for Hp, Dz, n- Caﬂxo, i-CyHyo » C2Hg and czor.' The cor-‘

rection' term - for t(’\ﬁther alkane= vas betug%n one and 5%
T : . . « - . ) . S

~x

2



0

TN

which is within the,standard dev1at10n of the slope.uA ratio

of about 102 to 103 for (d*)z/(d°)2 and a lou guantun yreld”

of Hgeo formatuon is necessary

»

nable dlfference' betueen‘ kd

\«’
data oﬁ only those substrates vhlch are very weak quenchers

of Hgo atoms rcgulred adJustment to account for the quench-7

1ng of Hg* atoms. At 750, where ,klz/k11 .is a factor of

~

three larger than at ri & temperature,‘the reported (c0) 2

;/values ror the weak quenchers are overestlmated by as nué%

o __/,. :

as  15% 1f kag remalns constant. For neopentane and C=CgDyyq -

- the higher temperature value may be 45 and 30% too. hlgh

respecclvely, and ‘the—agtual _ Quenching cross-sectlon for -

-

ths= se two substrates could be smaller €han at_ roonﬁ ten*

perature. For mest of the alkanes studled, quenchlng of Hgo

atoms appears to be tenperature 1ndependent or_ p0551b1y'

'decreases sllghtly g&iijan 1ncrease in tenperature, althduéh

tkhe scatter in the data would mask an activation energy of

")

~about t1. 5 kcal mole- Dupllcate runs Ulth c- C6H,2 and a

51ngle' run with c=C sHio clearly shoued a decrease in. kQ as -

theatemperature was 1ncreased. ,
;' . .‘. ) .

- (b) lecuss10n.

! e T A . ‘ _‘ " \,

All of the gases studled exhlblt 1ower quenchlng cross-
sectlons for Hgo. atoms than for’ Hg* atoms.: The. dlscrepancy
‘between the .tuo values 1ncreases as the abillty to guench

Hgﬂ atoms decgeases. For. 1nstance;§fhe (6*)2/(60)2 ratlo for

©

in order to .produce a discer-~

and kze+ For this reason, the

J

i
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i;C4H1°,'a strong Hg* quencher, is.approgimately two vhereas
it./is 35C for neopentane, aﬁueak quencher~of Hg* atoms. In
general, alkanes quench Hgo atoms 190 tlmes more slowvly than
Hg * atoms, in good agreement with the resultsﬁbreported by
A"Callear and HcGurk (62) u51ng the same teChnique as the pre-
sent study.. The (09)2 values reported by Vlkls and Moser
(73) 1nd1cate a factor of SGC dlfference between Hg° and E&*
quenchlng. Thefir values were relatlve to: Jthat of ethylene

' h
which - deterplned to be 2.58%2, The present @ rk reports a

value, C 2‘32 for ethylene quenchlng of Hg?/ atoms so that

reasouable agreement would be attained 'f_" »values ‘Wwere

#

scaled accordingly. 1 ”\V/ e o
/a poangy - a’\f\v./ r |

o
P

%m Apart froJ;/the dxfferent ,magnltudes of HgO and Hg*
3 quenchlng by the forelgn- gases tthe trends in the (d°)2'

values. with respectvto the nature of the quenchenfare very

dimilar to those found for Hg* quenchlng. The 'quenchlng

, v

cross-sections-'vary as CzHy > i- C,H,: > n-C4Hyq > C3Hg >

jC(CH3)4 > C2H6 > CH4 in both cases which 1s' clear ev1dence
that ng° ‘and Hg* atoms are quenched by the same ‘mechanisnm.”
. -

This is further supported by the 51mllar effeit of deuterlum_"
substltuhlon. Ethylene and deuterated ethylene quench Hg*
atoms by 1nteract1cn with the x- bond and. do not/shou an'
*sotope effect.- Parafflns quench Hg* atoms via C-H bond
rupture _and these\wgases. exhib_ t a. pronounced deuterlum

1sotope effect, pamtlcularly if cubstltuted at the ueakest_

‘bond (82,92-94). Deuterlum substltutlon has a 51m11ar effect

' m;« e g
\{5‘}\&'

At
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on HgO atom quenching by propane and the cycld-alkanes-in

the present s* ;. Hydrogen and. deuterium do not follow this

lpattern in = .1: ., :rching of Hg* and Hg? atoms.

4 . o .
The presc..: ..tudy, like most previous studies of Hgo?
reactions, . employed nitrogen ” to populaté the 3P, level. A

-small populatioh of Hg* atoms has been.‘shOun Yo exist] in

Very little direck quenching of metastable atoams

. ’ L s S
this system (see Chapter III). ,These -atoms may have a
crucial. bearlng on the ‘interpretation of stuﬁles of Hg® re-

actions . made using an Hg* N, systen. Thls 1s illustrated by

C o
the quenching data obtalned ‘with methane.

O A : t
: SRR T o S .
The'correctibn\term vhich was applied to the apparent

rate of relaxatlon<6f ,Hg0? atoms was almost sufficient to ac-

— “{\
count for all of tﬁe measured querchlng by CH¢.at rqomitem-
i

perature and probablynat 75°C.,Thls,1mp11es that Hgo toms
were promoted  to the 3P, level by collisions with(ﬁZtregen

and the Hg* atoms were subseqﬁently quenchedeby_the methane,

curred at

[

either temperat re

The role of Hg* atoms becomes relativelyimbre important

~

at 750C than -at 250C. lack of kinetic data under ~such con-

dltlons precludes a deflnlte assessment of the'extent of

. & . :
thls compllcatlon. In most cases it %; not’ expected ?9’ be.‘

too ,51gn1f1cant unless a radical change in the relatlve_

quenching. of Hg* atoms to the ground state or to the ;?Po'

level takei/ylace. “. ; ’
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lelear and McGufk\ (62) have deterpined quenching
cross- sectlons for. Hg° atoms u51ng the same technque as ‘in
‘the present study. “Since these workers did not consider the

role of Hg* atoms, their (09)2 values should be regarded\ as

upper llmltS. Fortunately,'the COIIGCthD for Hg* quencﬁhng

is small in most cases.
4 ' - ¥
The quenchlng rate constant of H§° by Xe,_-in‘_the

presence of N,, fas been: measured by Phillips and cojworkers

(25). 'The"reportei value. was very small apd 1t is llkely
A
that the quenchlng 4as due to Hg* atoms in the system, as is

the case for methane»1n the present study. .
- : - -

C \Ihe salient features of Hg° quenching with regard . to

" ,
trends in react1v1ty, deuterlum 1sotope effect and the temp-

: @ :
may he explalned'*n erms of a hydrogen abstraction mechan-

erature dependence\bl¥( °)2 exhibited by the varlous.alkanes
ism (108), ‘as illustrated by the scggmatlc potential energyl
'curves»dlsplayedlln Figure 17,

, ' The -alkane and a  Eg* or HgO atonm combine along an
jattractivefpotentialgsurface'uitﬁ a shallow well of depth'sy
and e°,‘respectivel§; proportional to the’ polarlzabllﬂtles.
of the two reactants. Ihe}complex is trapped in the poten-'
tial well as a»result of the redlstrlbutlon of the colllslon

enerqgy. amongst the varlouc degrees of freedom in dthe Subs-

trate molecule. §1nce the exc1ted,mercury-atom_int racts
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u‘;f“#fth a specific hYdrogen atom in the paraffin (82), a sepa- .

'raterlpotential surface exists for each dlfferent C-H bond
(ib, 20 or 30) inp both Hg* and HgO sen51t12atlon. The spllt-
ting cf the (HgHR)* ccmplex into ”the Q= %1 Aand Q=0
stgtes, arisingkfrom the perturba*ion on the J vector of the
Hg;»atom;bylthe alkane (136),'is not a'crucial point and-has
been cmitted in the figure to maintain clarity.’ Y

. LR : ’
The ex1stence ‘'of (HgHE) * ana (thq)o complexes having

"flnlte llfetlme allows for radiative tran51t10ns to ‘the'

ground state. ‘Band emission in the mercury photosensiti-

S hand

zatlon of alkanes has been attrlbuted to the (HgHR)* complex

(23) Em1551on from the (HgHR)o complex is apparently

, 1neff1c1ent process compared to other v‘elaxatlon mojes.

| | . .

provides a ‘Teactien channel for spln OLblt relaxatlon of Hg*
atoms amd the reverse process, vis., promotlon,of a_HgO atom

to the 'level An additional low ‘enerqgy route avallable

(108) and is 1nd1cated by the dashed llne in Figure 17.

The rupture.of a.C-H bond proceedS'via'predissociation
to ax{epulslve surface which correlates v1th an HgH molecule
‘(10u) and the respecblve alkyl radlcal The energy level of

the crossover p01nt dépends on the depth of the p’\hntlal

- well and the strength of the C-H bond being broken, with the'

Bl

This

to deuterated alkane= fcr Hg° production has been suggested

'At {h;gh molecular - compression, the (HgHR, Q= $1)=* r

S



weakest bond having the lewest cfbssoVer- point. Tﬁ&s,
i-C4Hyp, which pOssesses a 30 bond, has a larger (d°)2 value
than n-C4H15 wvhich has only 1°'and.2° bonds. The'decrease in
the (09)2 falues as the bond strength increases-‘from"i-c4ﬂlO

to CHs may also ke explained by thisﬂrationale.

Aikanes display (d*)z values (Table I) whlch are lower

‘than the gas kinetic collisSion frequency, the dlscrepancy

. being largest for the firstzgei'meqbers ofR&:ffefiEEL,ggis'

.1is’ even more evident fer Hgo qﬁenehing (Table ). Since the:
.1evel at which crossover to products takes place may lle at
a hlgher,'or lower energy than the'level of the separated
‘ reactants, indieeted hy-cufves)A and B in Figure 1?, respec-
tively, the louer'th f unff quenching. efficienc& and vthe
temperature depehdence of the (0% 2 values may be expleined_
in two ways:“(i) if prediésociatipn occurs wifhin the peten-
tial well, the crossover must have a loMer probebility' of
“occurring than the breakug of the eomplex back to the reac-
teﬁts;'The relative rates cf these two processese depend‘ on’
the  efficiency with uhich.the’collisioq.energy is redistri- -’
buted in the alkane molecuie,‘ihis explanation veuld e con-
- -sistent with a decrease in kdosé values ae the 'temperature.
is increased if the pIObabll¢ty of crosSover is 1ndependent
;ef‘temgerature,: s1nce tha_ IEGISSOC1a§10n‘ rate increases
}because 'efe its activatien“energy. Ihié prepesel ;ppears to/
be appllcable in the case of the protiated cyclo-alkane

v , . ,
because of the COmparatively‘ lower C-H bond strength an
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hlgzer}rGO)z values, thap' those of QF4, CzHgs C3Hg and
‘neo-CgH,y, ; or (11) in the case where-predfssoclation takes
v plar.  at a higher energy than the dlssoc1atlon energy ‘0f the
complex, the exlstence of the energy barrrer 1nvolved in the
relaxatlon of Hg° atcms prov1des a reason for low guench;ng
eff1c1ency. 'Methane, ethane, neopentane and propane are
llkely to belong in this category since they- all have com-
paratively hlgh C-H bond energles. This model prédicts an
increase in'the quenching rate with lncreasing temperature
uhich is not‘ substantiated by the present data. However,
this apparent contradiction may be resolved by - inspection of'
the Hg* and Hgo ,sensltlzed react10ns~ of these - gases. A
-comparison of the features exhlblted in Hg* sen51tlzatlon
shows a dlstlnct slmllarlty betueen then whlch 1mplles that
these alkanes 'may be con51dered collectlvely as . group.
Compared wlth the rest of the alkanes, these show .the lar-
gest .difference Petween the quenchlng rate and the collision
freguency,_ a dlrect result of thelr high bond strength A
second feature is that the "Hg* ‘sen51t12ed guantum ylelds;
o* d" aref less than unlty at room temperature so that spin-
orblt ‘relaxation (Table II) and band emlss1on (23) are s1g-"
nificant relaxatlon processes. Based on- the parallel trends
;§\the (c*)z‘and (go) 2 values, 1t§may be assumed that the
hg°‘:sens1tlzatlon of these gases follows a. reactlon mecha-

nism agpplicable to all members of the gfoup, to a greater or

lesser degreet The temperature 1ndependence of the (09)2
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uaIUes 'has.an explanation based on tne observation that the
”Jpropane Hg0 sensitized quantum yield, odd, increases fronm
~0.59 at 639C to 0.94 at 2060C (103). 1In order to'accountlfor
the 1low ¢° at 'the, lcuer temperature, an intersystem’
.cr0551ng to the ground state potential . energy surface has
bgen suggested (108)..Itfwould seem that the ra;e of inter-
system crossing decreases ulth an increase f;‘ temperature
which, to a large extent, cancels the increase in the: raéép
of decomp051t10n sinage the (09)2 value does not change -ap=
prec1ably over the temperature range of the present study.:
It is to ‘be expeCted that‘the rate at which (HgHR)© -are
promoted to (HgHR)* complexes also increases as the‘tempera-
ture is: ralsed but the products of this reactlonx a Hg* atom'
and the alkane, would recreate a Hg? atom 1n a subsequent
» colllslon via crossover at the high energy 1ntersect10n .Of
ﬁ%'the (HgHR)* and (HgHR)O surfaces. The overall effectbbould
: appear as only a minor .increase in the rate of re}axatlon of
‘HgO% atoms v1a Hg* sen51tlzed decomp051tlon. Similar argu-
'ments- uould,apply to explain the 9egligible temperature ef-
fectvon Héo éuenching by the other membersdof'this group. |
In cases (i)vand (ill'above, the 1lower (d°)? values
: conpared 'to::(d*)é values are probably due tobthe smaller

polarlzablllty of the Hgo atom and thus a shallower poten-

tial uell. Redlssoc1atlon of the complex S reactants would
. &

P

be more importa ~ in this cas@; and the quenchlng cross-

sections would reflect the® decreased probability of the
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‘decomposition reaction.

»
- .

The H/D'kinetic isotcpe effect may be interpreted on
the Lasis of 'the‘ energetics .of the hydrogen abstractlon
mechanisn. The actlvatlon energy for abstraction of a deut-
erium atom i's greater than for the abstractlon of a hydrogen
atom ty virtue of 1ts louer zero p01nt energéﬁ\1c9) ard thus

more €enerqgy is requlred to rupture a C-D bond. Ihls would

have the effect of reduc1ng the (00) 2 value of a deuterateda

alkane wlth respect to its protiated analogue, in agreement

with experiment.

‘The results of the study of -the effect of nitrogen

pressure on Jthe quenchlng of HgoO atoms by propane and neo-
o

pentane 1nd1cate that guenchlng of the (HgHR)O complex by N{

~is very 1neff1c1ent and omlss%on of this Frocess from the

reactiocn mechanlsn is experlmentally justlflable. It appears
that. (HgQ)0 complexes are very stable wlth respect to col-

llSlOnal relaxatlon in - the cases where Q is a. mercury atom,

as shcown in‘ Chapter ITI or an alkan' molecule‘which is

apparent from ‘this and cther studles (1;0)

Callear and HcGurk‘(113) have proposed a mechanism for

the quenchlng of Hg* and Hgo atoms by hydrogen and deuterium

"uhlch ‘1nvolves an 1ntersystem cr0531ng between a trlplet‘

upper conplex and a 51nglet ground state complex,

HY.(3P) + H1E* —> HHQH 3B, -> HHgH 1A' -> HgH 25+ + H.
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The 3B, sbate SplltS into an a,, Al; and By state, +he flrst_
6f whlch correlates with a Hg° atom and the otger <o with a
Hg* atcm. The intersystem crossing step is completely al;
lowed for quenchlng of Hg* atoms but is allowed ouly througu
rotaticn- electronlc ccupllng for' Hg°ﬁ quenching. This ex-
plains the nmne fold lover (00)2 values-aud provides a basis
_fPr the faetbr of twc .dlfference between the 'Hz and Dz
quenchlng CLoOSsSs-~ sectlons. As an alternatlve explanatlon,
they suggested that the 1ntersystem cross1ng step might be
sen51t1ve dto deuterlum substltutlon in the sense that tun-
nelling at conflguratlons close to the turn~ng 'p01nt would
fbe) lcuer-,for_ D,. The results;of the present investigation
proﬁidedexperiuental evidence-\for an isotope -effect in;

hydrogen gquenching of Hgo atoméb,

o~
H
v

g;’drgan;g‘OXXQeuS and Sulfur-Contaimiug'Comoguudsr
(a) Results. - , ’dv r

.Lecay rates of 25378 delayed fluorescence vere measured
és‘ al‘fuuctnon of ethancl concentratlon Mlth 2CG, 3CC,'ijd
and SOO?tOrrv‘nitrogen 'pressure at 28¢cC (Flgure 18).- No
evidenceo that the qgtrogen pressure affected the quenchlng‘
rate was detected. A sinilar study v1th ethylmercaptan also
shoved no variation in the quenchlng rate-wheu the nitrogen
pressure vas'varied frcm:20d tbdﬁoo torr. $hese observatious

/
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! . .
. .indicate that a termolecular‘&eactivation proeess ;
Hg0‘+ Q*+ N, -j'prdduc}s . .

T is toc'Slow to ’be_ detected in the /prese&; experinents.

Phllllps and co-workers (33) were able to ‘measure small rate

constants for the above process where Q = methanol and etha-

nol,,and also for the - reactlon _ A0

uv};).‘

e
e

Hgo + 2!,—9 prdducts

for a variety 'of .alconols, A,.ln the range 1618 to 1019
cc?mole~2sec—!. This process 1s negllglble .infvthe -present

work due to the low alcohol concentratlons used.

' The temperature dependence of Hgo quenchlng by C2H50H,

a

CH3CD, OH, (CH3)20, (czns)zo, (ca;,cnz)zo .(czns)zo, ca,sn

) -
»f;l

CpoHsSH, and (CHs)zs was. determrned, from measurements of- 1/T'
at various substrate concentratlons (Flgures 19-26), and the:

results are presented 1n Table VII. The max1mum value of the
-~

correctlon term at rcom temperature vas less than 2% of kQ
'so that the kQ‘Values car be taken to be kz¢ values. In the
. £

case of CH CDZOH however, ‘the correctlon term could amount

to 15% of ko if ¢° = 0. Sirce thlS extreme is unllkely (32),

it 1s assumed that the>correct10n is u1+h1n the experllental'_

\ P . . - al

Ihe,quenching'of Hgo atoms by ethanol ‘and dlethylether

show a marked deuterlum 1sotope effect, partlcularly at the

]

h%s
0

{29
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IABLE VII
k.

1

Quenchiny Data fprng(3P6) Atoms by Oxygén'and. ,

Sulphur Containing Organic Compounds €a),

.----------‘—-----—-—--—-.'--QC-—--‘---—----‘---—-P-—_-—--‘---’.

CH3CH,OH

CHsCD,CH

(CHy), 0

'i S
A
3

(CH3CD,), O

CH;CH;), 0

ol

28

55 -

75

25

75

26

‘75 .

e e e e 2 5 ¥

kq (b)
CcC mole—1lsec—1

(4.76%.69)x1012

(3.934+.57) x1012

N~

(1.314£.05) x1012

(1.12£.09) x1012

| R “
(1.16£.11) x1012

-

(1.83£.09) x1012

(1.33£.17) x1012

(7.31£.404) x1013

(5.22+.27)X1013 °

(3.95£.22) x1013

(8.79¢+.51) x1012

(7.80+.46) x1012

(5.43¢.33) x1012

T (7.558.31)x1013 .

G.63+6.09

0.59+0.09

0'017100 006 .

C.1440.01

C.1420.061

C.2440.01

0.1640.02°

11.6+0.5

10.9+0.7

- T.€6x0.4

5.740.3

P

.1.3810.08
'1.1740.07
7 6.7910.05

cont'd

B . \
BN

14

\

4
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TABLE VII (cont'd)

' .0
Quenching Data for Hg (3P,) Atoms\by Oxygen and
Sulphur Containing Organic Compounds.

'Temp. kq ¢by . 4A,-'(d°)2,

25 (8.43:.16)x1012 1.36£0.02
. , e o o LA
- (CD3CD;), 0 - 53 S (5.71£.37y %1012 0 0.8840.06

' 75 (4.50t.47)x1012 ' (.67£0.06

25 (1.152.11) x1014 SR LIPS R T

. ‘ . . - /,Yb N .
"CH3SH . : 53 (1.42£.10) X101+ 17.9¢71.3

75 (1.07:.14)x10ts 1301130

! : ’ . e
. : o ; . .
o L . . . v v Y e

28 (1.08:.13)x101% &Y U15.787.90 O A4

SV

C,HsSH 52 (0.83£.09)x101s 11,512 &

75 (0.67:.07)x101s €d>." " Biogc.g iy

26 (2.22£.08)x101% 33,021,750

-

' . : o ' DA T o g - AT
(CH3),S - 52 (1.404,09) x10%e. 19.941.2 %

75 (1.18£.10)x101%  15.3£103

.................................... e - - - — - ——————— Sy

‘a. Error limits are given in standard deviation. C

b. kq values are quoted since k26 values différ py,hé‘
ligible amounts. . : - R

N
"c. Average of four runs. o0 o
d. Average of two runs. ‘»’? . BT
N, y
5 . .



116

{1 ~

a;hyurogen position for diethyletuer, unlike Hg* quenchin§”f~.
 which does not demonstrate any significant isotope effedtﬁgésqxp
(Table ). | | | »
.It is evident from Table VII that the quenching ‘rate
constants for Hgoh-relaxation by oxygen- and sulphur con-ﬁ
taining conpounds decrease as the temperature is increasea.

!
. By assullng a temperature dependent pre- exponentlal factor,

~the mcdified Arrhenius equation
kq = (AT1/2) exp(-E4/RT)

may be used to relate kq to the temperature, T. Plots. of . O
,'log(kQ) - .12 1og(i) ve 1/T for tbese compounds, except
pczﬂsoﬂ and CH3OCH3, are found in Flgures 27-28. Values of Ey
and lcg(A) obtalned from least squares analy51s are 1listed
iut Table VIII. Only tvo tenperatures were 1nvest1gated for
C2H50H and CH3OCH3 so that a least-squares treatment could
‘net te carrled out... Por these tuo substrates, the slope and
1utercept were determlned by draulng a straight 11ne through
"the tvo po1nts. Error 11n1ts vere -obtalned from 'the tvo
-fcurves which can he drawn connectlng the .maximum and minimum-

. error llllts, and v1ce versa, of each 1nd1v1dual p01nt.

. . - ., ]
I . Pl ! .
(b) Discussion. ' - N

A compagisen of (09)2 values measured at room tempera-

g by the alkanes (Table VII) and eiygen and
e S ‘
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FIGURE 27&"Arrhenius'plots for (Cgas)zo, (CHQCDz)zo
| and '(C2Ds), O substrates.
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13.0}f ' | . - 4
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13.1 |
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FIGURE 28: Arrhenius plots for (CH3) 28, cznssJ‘
' _ and CH3SH substrates
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.
« %, TABLE VIII. ' | | o
"( " & S
Modified Arr&eni§§ipar§geters for the Quenching of Hg(3P,)
- T e “%M' ": R : : ’ . C .’
|-  Atoms byvbiy&QfgggﬁqSulphur Containing Compounds ¢3a), .
. . . “,L;g}lllA’ . . - . ) ) ¢
:::::::::::::::::========:::::::::::::::::::::========}====:== '
Compound E;» kcal mole-t 1og (4)
"_’"""”"°‘\"‘f"’“""‘f‘?"f"“‘v““"““ “““““ i
. S ) \ L Amy . '1' ) ' . .
 CH;CH,O0H ' 1.2 1.3 ) 1.6 ¢ 1.1
CH5CD,0H =1.0 £70.4° 0 0.2 £ 0.2
(CHy), 0~~~ <1.6 ¢ C.8 (b 9.8 ¢ 0.5 .
- (CH3CH,); 0 . -3.0 £0.8 . 10.67% 0.6 |
J"(Casch)zo . ~2.4 t 0.8 o 10.1 £ 0.6
T . & )
(CD3CD2), 0  =2.9 £ 0.1  ~ .9.6 £ 0.1
CHySH - “1.7%0.7 11.7 ¢ 0.5 ,
CH3CH,SH =2.8 £:0.8 S.31.1 3 0.3 o (
(CH3)2S . - =3.2 $£0.3 - . 10.8 £.€.2 - -
..... "“"'“"v‘;f’.;:'f'"'""""""".""‘"‘""’«"’""""‘"""‘""‘,".5
a. Detetninedffromlgq data over the range 25 to 759C. -
- Error limits are given in standard deviation.
"b. Calculated fréﬁ»twb‘télperatnre measurements. » ,
Error limits are estimated from the largest amnd smallest
o slopes that could be drawn through the error limits of .
" lr(kq) values at ‘the two temperatures. = - _ N P
C . ‘ . . - < . A : C \\ o E ) :
n/x;‘,‘\/ . - \f Y
2 \ ‘ .
S »~ :\' @ s
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sulphur compounds (TablevVIII) denonstra}e the/ dlstlnct

€lectrophilic nature of"HgOiatOls. In all cases, the (g9) 2

value of a parent alkane is greatly 1ncreased by the pres-
<

ence of an oxygen atom and even more so hy a sulphur atom. .

/

The substltutlon of an alkyl group for the . hydrogen atom

bound to an oxygén or sulphur in an alcoholzor a mercaptan

Q

increases the quenchlng crossrsection dramatically. However,

' C,H5O0H Aith CH. SCH3 > C,HsSH. Addltlonal evidence for the
28s 2ls

_ A
: the naturé of the alkyl substituents and. the central atom

3

are5s1gn1f1cant‘factors”in determining‘the reactivity of the'

molecule as a whole, as can be seen by. comparlng CH OCH3

electrophilic character cf Hg® atogs is providéd by the

. it has heen shovn (91) that spetlflc 1ncrements in o for. Hgf'

trends in (d°)2 values of the paraffins, In this connectlon;

5

guenchlng by -ethyl, methylene and methlne groups foflovs

.thelr 1ncrea51ng electrcn donatlng ablllty. The same trend-:

is apparent in Hgo quenchlng cross-sectlons. N

A

Three 1nportant conclu51ons may be drawn. regardlng ~Hgo |

<

atom interaction vlth the compounds entered in fTable VlI,
namely: L R o ’iVI .

(i) all exhlhlt (d9) 2 values whlch are lower thaé/\tﬁe‘

y . ’
.correspondlng (d*)2 values, ER A

(ii) deuteriu- cubstltutlon in the m-p051tlon decrNLses

the guenching cross-section ©of HgO atoms in the
o casefof ethanol and diethylether anad, . '

»

._"'\

>
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(iii) there is .a noticeable decreasa in the (d9)2 values

. as the temperature is increased.

A general mechanism to describe the processes ’involved
in the'tﬂgﬂ Sensitization of oxygen compourds may be formu-

lated from the present data and the knownvphotochenistry‘ of.

,alcohols and'ethers.'

!

P
K4

Hg* ;atomSl are quenched vlth near unit eff1c1ency (QS)

4

resultlng @redomlnantly in Hg° formation (32 42). ThlS canb“

2
be attrlbuted to the form?tlon of a complex in which the Hg*

1 atom is strongly bound to the oxygen atom. This 1nplies thatv_‘

el

”the complex exists long enough for thls guenchlng process to

occur.’ Slnce spln orbit relaxatlon does not 1nvolve the

rupture of a C H bond deuteratlon would have. only secondary'

'

leffects on the Hg* quenchlnq croes-sectlon, lllustrated by

the data .in Table I. The hlgh eff1c1ency of thlS process,
indicated by thé large (o*)2 values, precludes the pos--

sibility - of relaxation of -the complex by radiative tran-

.sitions.

Ihe (d°)2 values are lower than the (d*)2 values due to

‘a dlfferent guenchlng nechanlsn. It nay be assuned that Hgo

atoms, form a conplex ‘with the substrate whlch 1s Irelaxed.via

decomp051tlon of the quencher, by excluszve C= H bond rupture:

(32, 1263129), and by radlatlve decay.'Band el1ssion origina-'

4

tlng from (Hg-alcohol)° conplexes has been observed (23 32).r‘

fBand_ emission has also been observed in the nercury photo-

.,
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sensitization of ethers (see Chapter V) which bears a close
resemblance. to the (Hg-alcohol) © spectra. The HgO atom is

‘ : . ~
again expected to be bound to the ﬂnon¢bonded electrons  in

the oiygen atom so that the complex must assume a° conflgura—
tlon favorable for the abstractlon of a hydrogen atom. The
presence of an u-hydrogen vould greatly facilitate  the at-
tainment of the requlred confornatlon. In this rega%d the
‘most . pronounced isotope effect on ‘the (0’0)2 values was no-
ticed foafdeuterlum substltutlon in the u-p051tlon.'Thls ob~-
s%;vationv provides direct. experlmental ev1dence that decom-
ﬁpositionfis enhanced by the presence of an a-hydrogen,” a
Jconc1usion previously inferred. (32) from band _em1sslon

studies of (Hg~alcohol)° complexes.

In order for the Hg° atom to 1nteract strongly with a
nearby hydrogen aton,‘ they "must be in close proxinity'to
each other concurrent with a 'ieakening‘ of' the ‘ﬁgO-oxygen
“bond (Flgurev29). The necessary configuration may be attain-

appropriate tuisting, wagging and'stretching vibra—

tion® of the CHz‘group. These modes mayv oecoue exaggerated
by van der ‘Waals attractlons vhich come into play betwee:

the Hg° and hydrogen atoms -Decomp051t1on would not. neces- :
sarily 9310v once the Hg% atom is»attached to a hydrogen
atom elnce,:at this point, the quenching mechanism uould be‘
similar to'bthat operatlve in Hgo-alkane systens. The con-*
paratively;ueak' a~hydrogen bond in an Jxygen compound,.

however, would render abstraction sore probable than in the
A B , RN
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1

Corifiguration where the Hg® atom interaction

isrwith,the'oxygén'atom. SR S

| H'°: |
L 7
\C/o\c .

B U

Configuration-where the Hg°® atom 1nteract10n shlfts'
from the oxygen to the hydrogen atom.

~

FIGURE 29: Schematic‘configuraﬁions in Hg(%P,)

- quenching by oxygen contalnlng organlc"

(]

compounds.

\:- $

423



cies of the vibrations are smaller.
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|

E

case of the alkane amalogue. This-nodel is consistént ‘With

"

the observatlon that deuterium substltutlon results 1n a de-

crease in the (do)zﬁvalue since the amplltudes and freguen-

/

5.

An inCrease in the ts perature would regult in the
'pOpulation ‘of hlgher vibrational levels of the mercury-
oxygen bond in the conplex. Consequently,, the increase ‘inff

'the' bond length uould reduce the probablllty for attalnlng”

-the comflgdratlon neceseary for decomp051tlon to' occur‘ and
. i

aISO' 1ncrease the rate of d1<s0c1ctlon back to reactants:““

' Thus, a decrease ‘in the guenching rate «ould be expected “at

\

hlgher temperatures,f_ir _agreement wvith' experlnepf.yhs a

-Corollary, an 1ncrease “in Vthe tetrerature should affect

’euterated compounds to-a greater extent than the protlated

molecules and uould be reflected in larger temperature

t

varlatlons 1n (d°)2 values. Thls predlctlon cannot be verl—i

4

-
o

fled hy the data in Table VIII. due to the large standard
deriatlons of Ea'values.-

]
K

hThe. proposed. model accounts for the klnetlc 1sotope
effect, the lower reactivity of the Hgo compared to'_Hgt
atoms and, due to . the small (d°)2 values, the ablllty of

band eulssaon to conpete with deconp051tlon as a 'mode of

' relaxatlon of metastable atoams. h dlscu551on of band :

KRN

enlsszon observed 1n the H * sen51t zatlon of ethers Hlll be.

entered 1nto lore fully in the next chapter.

~
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The results &f‘ﬂgdlatom quenching by sulphur—containing
;compounds ma‘y be 1nterpreted in a fashion cOmpatible with
the limited information avallable ‘in thegllterature. 0f the
sulphur compounds studied in the present work, only the -Hgx*
sensitiiation‘ ofb'dimethylsulphide has been investigated
(144,45). The_prinary decomposition.reaction, attributed to
guenching’of'Hg*-atomsvto the,ground state (1““,1“5), re-
sults in the fragnentation of the'substrate into methyl and
thiyl radlcals arising from C-S bond rupture (1“0), Spin-
orblt relaxa+1on, however,. has been} suggested (42) as a
prlmary process, although detectlon of Hgo atoms- eiperi-.
mentally has not: been attempted. The observatlon (1&“) that
vadded carbon mon011de enhances thev decomp051tlon of the
F:jsubstrate 1ndlcates the 1nvolvenent of Hgo atoms in the de-

'7f,compo=1tlon reactlon (uey. . -

The smaller values of (090)2 compared to the (9%) 2
valuec of the sulphur compounds is con51stent with dlfferent-

'quenchlng processes for the two exC1ted mercury atoms., It

{ ~.

uould appear that\spin?orbit-relaxafion of Hg* atoms -is. an

vlmportant prlmary process whereas decomp051+1on of the subs—,

trate results nostly from

) . . ; N ‘., . L .’t’_ . ,.v.,ﬂ.’j . Tl \\: " . : :
- It may be assunea-that'the electrbphilicfﬂgo atom is
strongly attracted t¢c the lone palr electrons on the sulphur
atom in a (HgSRz)O conplex. Unllke thelr oxygen analogues,_

‘decoapos;tlon of the sulphur conpounds 8ccurs dlrectly fron
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'VIII) of the sulphur compounds.

126

this configuration since_C-S‘bond _cleavage 'is the 'allost

ekciusive edecomposition mode. - Quenching of Hgo atous by

sulphur-containing»compoundS'iS~expected to be more effici-.

ent than by ongen COmpounds pecause, in this case, predis—
’ =

sociation of the complex to yield decomposition products

does\pot require the attainment of a configuration vhere the
¢ . .

s

'Hgo atom interactsf with a nearby ‘hydrogen' atom. This

S

.suggestlon is supported by the hlgher A factors (see Table

Whe negatlve temperature dependence and tz:whlgh values

. : i
of the.guenchlng rate,constantS'suggest ‘thas 1Eedlssoc1atlon
. N

P

to a potentlal energy surface leadlng to pr@%uct fornat’on

occurs at a louer €energy than the Separated reactants. Slnce

the crossoven, to products’ 1ntersects Hlth the v(HgSRz)O‘

potentlal energy surface,-the Ea values listed in ”able VIIT

may, he considered to represent lower limits for the bipding

Ty

~energy of the complex. o S } &\\\

~

The high (g0) 2 jvalues, uindicative( of an- efficient

"decomp051t10n process, suggests that radlatlve relaxatlon ofv

3, _Aromatic_Compounds.

X N
the ( gSRg)O comptex Hould be a ‘minor process and *he 1nten-

\e\',

sity £ band emrsslon would be very weak, if observable at

all,

[actedl
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{a) Results and Discussion,

The Toom témperature guenching rate constants for Hg°'
,atogs. by benzene, deuterated benzene and hexafluptobenzene
. were detérmined from the decay lifetime of the;delayed fluo-
,Lreséénce as d‘%ﬁﬂqfion7of~substrate presshre in Hg-Nz nix?

tures (Figure 30)/ and the results compiled in Iablé IX.

" There - dppears to be a factor of twvo difference between
the (09) 2 values of benzene and deuterated benzene. This may
ff”b? a spurious‘result\sihce the measured (0%)2 wvalue for CgHg

‘ ié%tﬁree times larger than that reported for- the gquenching

L
Nl

of Hg* atoms (157), The very strong ;ﬁénching by the
aromatic compéunds required an extrémély siall anount of the .
substraté'(approximateiy 2 x 1C—% to 1 x 10‘5A torr ih' the

'.case_iof behzene) t§ aéhievé sufficient gueﬁching.,Degassing

" from the walls of the circulating systen_cannot be- discoun-
ted and would have ~the effeét of incteasiﬁg the apparent
queﬁching fate. For this reason, the data obtaiﬁed for these
compodnds $hou1d‘be'viewed ﬁith'céution. Despite this pos-
sible coﬁpliéatioﬁ, it is appagent that‘aronatic‘compéhnds

are‘verykefficigﬁt quenchers;of'both Hg? and Hg* atoams.

"‘The "supereffiéiency" 6f'the Hg? quenching rate may be
seen Lty comparing (dO)Z'Vélues with the square of the hard YR
'spheré"tollisioh diameter, (gg)2. An approximate value = for

ds can be obtained by equating it with the internuclear
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TABLE IX

. Quenching of Hg(3P,) Atoms by Aromatic Compounds (3),

i e e -+ 2 F 7 ¥ T F T e e

(o*%)2 (b) 'kd fc; (09) 2
Comp'd 32 cc mole-tsec-t 12
| I N w
CoHe 48 £ 3 (9.42%.65)x10ts (D) . 150 ¢ 10
CeDe T4+ 2 (4.69£.17)x101% - 76 ¢ 3
CeBe  (2.69£.20)x1014 se s u

a. Error limits are given in standard deviation.
b. Taken from reference 116.

- Cc. kg values are quoted since ko6 values differ by neg-
'ligible amounts. : » i ‘
d. Average of two runms.
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distance, r, at the minimum in the Lennard-Jones pobtential

energy function. This distance is given by the expression

re = zqo - o - [34]

:

uhiéh‘ is obtained by settlng the derivative of the function
‘to zerc and =olving for r. For the 1nt ractlon between twWo

unllke part;cles*h and B, o is glvenvby'the mixing rule
Wc="(aA+q.B)/2, . (35)

"
. .

Using 'the values ngt 2 uﬂ (1&7) and dc H, =(SUJ§§K (148),

o can be calculated from equatlon [?5] anf&

.equatlcn [3“] to obtain a value of r: = qaf;

hard sphere colllslon cross-section, (dgq)2, for“a “Hg¥ atom

and a tenzene nolecule is approx1mately 1932 This value

should bebabout the Ssame as that for a Hgo atom and benzene,

and 1ndlcates that the quenching cross-section is abdut
eight tiues-lafger than the hard-sphere collision cross-

_ secticn.

‘4, Ammonia.

- . -
(a) Results -and Disscussion.

N\

s

The réte -~ of decay of ngO atoms in the presence. of

\ . s . ’ [N

ammonia was me ed from cbservations of the time depen-

dence of fhe (HgNH')°'cénp1ex emission intensity at 3€00% as

.-

.
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emiss&ghgias determined from phase-plane plots (1&9),/ Since
the emigsion lifetime of the complex is very short éonpared
: 3 . ) o
to its rate of formaticn (26,30), the decay rate of the band

K eiad

{/ C 13

a function of ammonia concentration. The decay rate of the

i

emission is an accurate measure of the rate of removal of’

HgO atoms. The following mechanisa has been addpted:

- : -
Hg + hv(25378) —> Hg* - 1
Hg* —> Hg + hv (25378) 21
Hg* ¢ NHy —> H + NH, + H [36)

Hg* #.NH;.—é Hgo + NH; 13711

ﬁg°,+_NH; —9 (Hggﬁ3)0-'_ &, o [{38]
(HgNH;) ' —> Hgo + NHy "ff _i [-38j’r‘
(HgNH;) O <> Hg + NH;-+ hv (391

——— (HgNH;)©' + NH; > (ngu,)°'+ NHy [uC]’

(HgNHg)© —> Hg + NH; + hv [41]

Kinetically, ,reactions {38])-{41] are indistinquishable from

the fcllowing

Hg® + NH; => Hg + NHg + hv (4273

HgO + 2NHy -> HJ + 2NHy + hv, [43]

uhé:e the superscript () denotes eiectroniq,éxtiiationi (')
yibrational'excitaticﬁ‘and hv signif%ég ‘the band ehission
radiation. - .

Thé_ decay rate cbnstant ofv!vigo atqns can be'éifgeSse&

by the formula .
. o

5 5
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R ’
7

/1 = kpy = ke[ NH3] + kos[NHyJ2.  [44)

/

!

A plot of 1/v + [NH;) vs [NH,;] at 289C is shown  in Figure

312, from which k42 and k43 wvere found to be (1.2:0.2)x1011

cc mole-lsec-l and (6.9+0.5)x1017 cc?mole*zsecrl, in - fair-

agreement with published values (see-Table IV). A similar
plot for the data obtained at 700C shcved appreCiable

curvature; At this temperature, a plot of 1/t vs [NHS] uas’

fan adequate representatlon of the results {(Figure 31B). The

510pe of thls line at 70°C is (3. 910 3)x1011 cc mole‘lsec-

This: su sugg@sts that the thlrd order reactlon [43] is a
v‘a‘i

~minor process,wlth respect to the second order process [u2]

at this temperature..The value of k42 appears: to have in-
creased three fold at the hlgher temperature.'The actltatlonv
enerqgy and the.- log of the pre- exponentlal fact?r fof\

reacticn [U2], 5 4 + 1, 2 kcal/mole and 13 8 +.0. 8, fespec->>‘

7

tlvely, were calculated by the nethod outllned prev1ously lf

the deteruiﬂatlon of Arrhenlus parameters for ethanol and

dlmethylether quenchlng (see page 116).

Y

At roos temperature, the decay llfetlme of Hgo atoms

‘ reached a llmltlng‘ value of 1.610.3 mlcroseconds as the )

ammonia pressure was’ 1ncreased up to 600 torr. ThlS llﬂltlhg
value can be identlfled with the radlatlve lifetlne of" the

(HgNH3)© complex (29) and 1nd+cates that the complex is not

readlly quenched by amnonla.'



(cc mole~?! sec™!)

(sec™!)

l/I‘x‘lbs

FIGURE

1/7/[NH3] x:10'!
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] [ 1 1 ' 1 L
1.0 2.0 3.0 4.0 5.0 6.0
NH; concentration x 107 (mole cc™?)
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NH 5 concehtraﬁiqn x 107 (mole cc~})
31§} Rate data plots for the relaxation of

‘top: 14t * [NHs] vs ammonia concentration

Hg(’Py) atoms by ammonia.

- bottom: 1/t vs ammonia concentration.

[
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The results of the ammonia study can be 1nterpreted in
terms of the potential energy dlagran (Flgnre 32) and "the

following reaction ' S

Hgo + an - fig + NH + H.. 5 [45]

At room temperature, ‘the 1nteract10n - betveen Hg* and

B

ammonia‘’ results in the decomp051t10n of the molecule or in

vquenchlng to the metastable level Spln orblt relaxatlon is

134

expected to be the favored process due to the energy barrler'

for decon9051t10n. The.ccmplex formed be*tean 2 golatom and

an ammonia nolecule can be stablllzed in a further colllslon'

- With NH,, lead1ng to™ fﬁe presence of second and thlrd order

-

kinetics. ‘Due t» “the energy barrler, reaction [u5] will ‘be

‘accounts for: the low- quiytum yield'of decomposi*tion and the

A v
observed second and third order kinetics at this tempera-

Vi

ture.
X

.less favorable than band emission. This interpretation

At higher tenperatures, deco;position of NH; increases

~.

in 1'npor'cance’ due to the increased rate of crossover to..

products from both the (HgNH,)* and (HgNH3)° systems. Emis-

51on Hlll becoume less llkely for tvo reasons,

<

'(i) tne complex fcrned iith Hgo in a bimolecular

'collls1on u1th alnonla v111 not be stabiiized as
‘easily by a consecutlve colllslon since the length

of time spent in the potentlal vell wlll be shor-

*

A
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Hg + NH,

o

7
_"e‘

\+H

'FIGURE 32:

Internuclear Distance ——

Schematlc potentlal energy dlagram for the
1nteractlon of Hg( Po) and Hg( Py) atoms

« with ammonla.‘
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ter, and - : l 'j
(ii) the complex vill have a greater:teﬁdency to revert

back fo-the separated particles.
This',uill- result in a 'siouer rate of.vrelaxétiohv of
net&stabie atoms and a love;'bahd émiséion iqtensity,,and
accouqﬁs for the increase in the quantunm yield of decom-
position as veil as tﬁe abéencg of a detectable third order
process.{?his argument is supported by th§ observation .that
tﬁe 'hanéfintensity at the higher temperature was about;half
‘ th%}'ét the lower temperature._sin;egihé éeconq order ’fate
iqéreases ;at‘the higher'temperatuﬁe,'réaCtion_[uS].has been -
bostglafed. Houevef, the,oierall rate of decay Qf,ﬁg? ‘atoms
is slower since the thifd ordétaraﬁe procéés is less inpdr?”

tant. ~ ',\



CHAPTER V

»

-

FMISSION FROM EXCITED MFRCURY-SUBSTRATE MIXTURES

It hasdbeen shoun.from this labératory »(22,23) thatd
measurements on. band emiSSion'from'merqury—substrafe excim=-
ers gifee‘pertinentfiaformation for the-elucidaﬁiond'of the’
enerqgy .ttansfer process. 'ﬁhiilips and‘cbfworkers (25,32)
»have_:eported epectra of Hg:aicohol-andvﬂg-Xe systems which .
they attributed to trahsitions from "charge transfer" com-
‘plexes 1nvolv1ng a -Hg9 atonm. Idxy;ew of the"51m11ar1ty be-
tween alcohol and ethe£ quenchlng of HgO atoms, an 1nvest1-
gation for pand em1551on'1n ether Sen51t12atlon was - carrled
;ut. A /etudy of the band en1551onwfrom various Hg Nz-Xe
mixtures was undertaken‘tq define-the role of.Hg#’ atoms ia_

this_'system.'Severallother,SQbsttates of interest were also.

examined for possible band emission.

1. Results and_Discus$idn.

R4

'(a) Hg + Ether Systems.

Band spectra observed uith dznethyl,.dfethyl* t- butyl-
-~ethyl ethers and tetrahydrofutan in Hg* photosens;tization:
,are 61=played in Plgures 33 and 30. The sharp llnes 1n these

flgures are due to stray llght fron the mercury lamp. ihese

137
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FIGURE 33: Microdensitometef;tﬁaCes'of.(CH;)zé and

(C2Hs) 20

band emission spectra.

138



0.24 Density units per division

0.044_Dénsity units per division

139

I'lll'llll’ri | L] | l

- \.-- -
_ & 4
9 1
. l; 1.3 fgl T 1 \d 1 'L,_A4‘ 1 .;[
40002 3500 3000 o . 25008
Bahd spectfa’withmggHsOC(CH3)3¢ 88 torr, 5 hrs.,
' i ) £
Frrr— 1 7 T id B | T I J 1
waA v
. '.'Z’-‘:
‘ 1 1 | | | l
4000 < 3500 - 3000 R . 25004

Bagd spectra with tetrahydrofuran; 108 torr, 3 hrs.

FIGURE 34: 'Microdensitometer‘traces of C2HsOC(CHj) 3 -

and tetrahydrofuran band emission spectra.

!



1uc
compounds each erhibit one Struothrelese bandguhicn‘is com-
pletely separated from ‘the regonance line. Increasing'the
siae'of the alkyl groups canses an increase'oin the 'sepa-.
ratlon of the band maxima fron/%he resonénce line. The ellS°
sion band '1nten51t1es, of t;ese gaces vary con51derably in
the order (CH;)zo > C,H OC(CHJ)3 > (Czﬁs)z ~ tetrahydro-‘

furant A summary of the data‘obtained from Hg—eﬁ%er band

emission studies is found in Table X.%
_ 5 ,

Tne band emission intensity.and the"position of the
band maxlma of the ethers closely parallels the lullnescence
eff1c1ency and the aband maxima of the alcohols (32) . This
result substantlates the suggestlon that thef sensitization
of bcth alcohols and ethers can be 1nterpreted using *he
same nechanlsl (see Chapter IV). Since Hg° . atoms are pro-'
duced in both systels (“2), band emission in the Hg* sensi-
tlzatlon of ethers probably orlglnates from,_ ,V(Hgoether)°<

complex.

o &

L 'The “high intensity of Mgnd em1551on (23) and the low

qu@ntum yleld of decompoq;tlon (121) »En 'thel Hgo sen51t1—

.

t¥on  of H,0 can. be ratlonallzed in terms of the nechanls-
pr°p°§§9 for the Hgo sen51t12atlon of ethers descrlbed _in’
Chapter IV. lstrong 1nteraction with a renote hydrogen atom,
vhlch leads to deconp051tlon,_1s very unlikely when the Hgo -
aton is bound to the lcne falr electrons on the oxygen atonm.

| Therefore,‘ emission from the (Hg-OHz)O complex is likely to
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’.IABLE X

Relatlve Inten51ty and Separatlon of the El1551on Band

Maxima From the 253s. 58 (39 424 cm‘l) Resonance Line

for Varlous Ethers.

K pressure T AW . intensitjpséiative
~ Compound : (torr) cm—1 to (CpHs),0 €232
 CH3OCHy, . - 235 -5,410 - ~18
CoHsO0C,Hs _o2uc , -5,810 " ) 1
v l o . i8c 5e98C 1
CZHSOC(CH3)3 . 88 ; -vswsfld 33 s, :
: . et
gr'°"°"°°°‘tf‘°?*‘#53-37°"°f-°"5?ﬁ;‘°°°"°°°6m¢r ---------
/ : N a5 R, L vw = % rB\' : -

a. The relative -intensities were calculated b{ llnearly
extrapolating to equal pressures and" exposure Q&lnes to
that of diethylether. This approximation 1s estlmated to
have an error of +15%. :

Fe
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occur fron a potential energy surface which describes 'tﬁe
:0-0«890 conblex.' On the basis of the sinilarity uith (Hg-
~Hp0) % band emission, it s cas _that'vradiative transitions
'frOlb colplekes of Hgo oféie

nates»fron a potential energy surface which describes the
H§°-oxygen‘ interecrion‘free froljperturbation'by a hydrogen

atom on the alkane  substituen..s). Since the HgO-oxygen

bound ”cOIplex doss rot decompose via a C-0 bond Split,ethis-

surface nmust intersect with a HgO-hydrogen potential . energy'

surface that is predissociative to a repulsive surface vhich

cofre;ates_uith a hydrogen atos (or HgH) and an alkoxy radi-

cal.

The band eniSsion intensity‘uill be inverszly propor-

tional ;o thef'efficiency of the <50lpeting non-radiative

relaxation process, i.€. crossover to the HgO-H potentlal

energy surface conpatlble uith u-hydrogen abstracrlon.‘ Al-
though dilethylether has tuo more u-hydrogens than dletﬁ%i

ether, the nuch louer quenchlng cross-sectlon of the zorler
N

suggests that the bhigher C-H bond energy decreases the rate

of the dqponpositlon process and‘thus band enlssxon conpetes

more favorably. t-Butylethylether would display more intense

band QIISSIOD than dlethylether since deconposxtzon is 1ess_

probable on account of the presence of only two a-hydrogens.
- on thxs basis, dlethylether and tetgvhydrofuran uould be ex-
:_pccted vto: show the same ban intenslty,'ln agreelent with

the exper1nental results.

s with alcohols and ethers origi-



fects of pressure broadenlng on*the ab'“ibed ~1ight’ 1nten-

‘reduced the em1551on 1nteﬁ51ty by about 2&§ at 2%7“;

".35). The spectra obtalned Hlth VS%IOUS Hg Ng-Xe mlxtﬁ:es,a{

EA i 143

- ‘
With the .0f tetrahydrofuran, the trend to

wider separationiﬁefueen tﬂe band maxima and the resondnce
line uith incredsdng »si2e ciithe alkyl groups can be:ex-
plained ih terms‘of'their induceive effect‘and the electro-
philic nature of the HgoO atoms. An 1ncrease in the. 1nduct1ve

effect vlth ﬁncrea ing. fze_of_the alkyl substltuents vquld

result in a gneateﬁ_electron dornating dbility‘of fhe cxygen

é

Y

atom and, consequently, strohger interaction with Hgo atoms;

This Hould be manlfest by a deepar potentlal well so that

g
the band maxima would 11° ,at progre551ve1y longer wave-

‘1engths. The dev1at*on from this. trend in the case of tetra-'

hydrofuran may - be due’+o 1ts cyclic structure.

.4 .
. . oW
4

.(b) Hg-N -Xe and Hg-N,-CyHq Systems. ' %

‘Band emission ‘was obtained from the sensitization of
. Lt ' .

xenon and Fropane inw varying concentration of nitrogen,

£ &

keeping the total pressure at 200 torr to minimize the ef-

51ty.’ A vreductlon of prcpane concentratlcg from@%CO to 11%

displayed in figu;e 36, clearly shows that as’ the n1§rogen

o

percentage‘is increased, the band em1551on due +o the \Hg-Xe

exc1qer '1s decreased. This result, whlch is contrawy to the

flndlngs of thlllps and co-ue/}ers (25), 1mp11es that xenon

o
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100% C3Hg

1

52% C3Hy

0.044 Density units per division

i?

Ly s a1, 1‘L,|_| 1 ; : 1 l?(lAL -_i ! 2
2704q, 2650 2600 - 2550 Y5008

Band spectra.of NérC;Hh mixtures; 200 torr, 3 hrs.
FIGURE 35: Microdensitometer traces of band emission
speétra_of N2 + CyH, mixtures.
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forms a complex with Hg* rather than HgO atoms since as the
Hg*'-concentration is. decreased by 1ncrea51ng the rnitrogen

- concentratlon, the . observed band emission decreases. The

suggestlon that _Xe,. like methane, is a very 1neff1c1ent
t\

:'gfguencher of Hgo atoms is ‘in line with the band em1551on . Te-

[y

fsults. ~ No deflnlte conclu51ons can be drawn from the Hg-Na-

&
° (od He data 51nce the relatlve populatlons- of Hg* and Hgo

atoms‘*is_ affected by the relatlve quenchlng by both gases.

However, the decrease in the band 1nten51ty with 1ncrea51ng'

nltrogen guenchlng suggests that most of the em1551on is due

to a (Hg*C H )* complex.

(cf,ﬁg + Various,Substrate'Gases. ’ (<;0v

Eand em1351on vas notzjetected in the Hg* sensitization

of c2n4, :c-né, CZH3F CaHF,, C Fg,\Hz. 0,, CO,, NO, NO,,

: 'Nzo, CH3CH0, CHj OCH CHz, Squ, SiH, (CHy )z' thaophene, furan
or ‘in Nzo C sHeg mlxtures. The fluorescence spectra of benzene
‘an *erfluorobenzene uere observed owlng to excitation by

direct a}sorption of 2537ﬂ radiation. '
: L _ o . —
‘ The (d*)2 values of these gases, where known, are all
1 ‘ .
quite. hlgh YthCh suggests that the mercury exc1mer, if it

exists, is - 2d. exclusively by non-nadiative processes..

O(3P) atoms are generated in the Hg* quenching qf - N,0

2

(150) and, in the presence of an olefin, add to'the double

bond\c form an‘unstable‘epoxide (151) . The b(3P) combina-

v
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- tion " with  propylene evidently does not produce an excited
complex of sufficiently long 1lifetime to allow radiative

decay in the 1900-5000% region..



CHAPTER-EW'f
] L

<

CONMPLEX TIME DEPENDENCE OF 2537§ EHISSION

. . IN Hg(3P,) -SUBSTRATE HIXTURES.

"During the 'course‘gdf‘»the Hgo atom‘querching experi-

ments, the effect of the pure substrate alone on the 25373~

~

Alnten51ty was 1nvest19ated. It was found that the decay of

"

the resonance radiation showed more than one 1nten51ty maxi-

mum 1n the presence of some substra-es. A detalled study ot

[

this pheno-enon was carrled out to obtaln more 1nformatlon

concernlng this unexpected behav1or. The results are presen-

: /TN
ted here.d_ . ! ’

1{>Results.
- _i;
The time dependence cf’25373"radiationbyintehsity vas
measured in.uixtures.of mercury with thevneblekgases, methL
'ane, ethane, tetrafluoromethane, nltrogen and dlmethylether:
A seccnd 1nten51ty maximum vas observed, whlch,,dependlng on%
Cthe nature andopressure of ‘the forelgn gas, appeared as - two p
separate peaks, ahpartlally resolved;shoulder”in the'flash
decay reglon or as two superlmpos%d peaks that . appeared as a
dlstorted flash proflle. Typlcal exanples of these» three E

types . of ~intensity curves are displayed in Figure 37. No.

irregularity ln'the _25373 -intensity was . observed in the

148



Intensity (arbitrary units)

Nl . . .Time (microseconds)

FIGURE 37: Typical time dependehce of Ehé 25375
' intensity. A: flash profile;'p"and c:
‘distbrted flash curves, D and Er partially
resolved_shbulders,‘F: two'separaﬁe:péaks.
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absence of a foreign gas. The' time, ty, at whxch “the flash
reached its maximum without substrate present, occurred be—

tween 2.2 and 2.4 nicrossconds after the lamp was triggered

t

T at time t° The tlle of succe551ve 1nten51ty max1ma, denoted'

t", tm, etc., ranged frcm 5 2 tc 90 microseconds.

i

Hg-noble gasf mixtures all displayed a second 1ntens1ty
)

maximum and a’thind i- the Hg-Ar system. t" was measured for
‘these gases as a funhtion, of substrate pressure at room

teiperature (Figures '38-40). In all cases, t" increased as

: the pressure was 1ncreased bevond six torr. t* 1ncreases in

the crder He- e < Ar < Kr < Xe for ’a gi ven pressure of .
gas. The 1nten51ty of the. peak ,at'-t" dec eesed as ?helaﬂ

, pressure was_.increased' The third 1nten51ty Aaximum -in the

v ’ #

Hg-Ar systen occurred close to the flash decay curve but uas"

not aluays observable due to its lov 1nten51ty or overlap-

p*ng by the second 1nten51ty max1mum.~No pressure effects on :

y s - . N RN b
t™ were deduced for this reason. < foo Y

Al >
. : NG

'A‘ distorted flash curve was observed in Hg He m*xruresif

) ' K
- ‘ q

- as thevpressure.of helium uas 1ncreased up 'to’72ﬁC' torr‘
Abruptly at ‘this pressure, a second 1nten51ty maximum ap-
.peared at 11 1 microseconds. t" then decreases as the pres-
sure 1is 1ncreased to abq@t six torr and then beglns to in-

crease as the pressure is further incréas

v . | . _
'ThlS is. a marked distinction fron the‘ ehaviour of -neon or

argon uhere t steadilx_increases uith 1ncreasing pressure.
,K‘zr" SR "

~

dﬁ_(rigure 39).

2
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‘A careful search for this effect vas not carried out for Kr

7

>

or Xe below. five and’ twt torr, respectively.

N
v

N The values of tuwu betueen two and .ten torr He were not
aff cted by 1ncreas1ng the lamp flll from tvo to six torr He

3

or by changlngrlt to twgvtorr argon (Figure 40).

- The .pdthenaticalv'erpression vhich‘best‘fits the t* vs
.pressure curves in Figures‘38-u0‘is most probably am expo-
nentiel ‘fuction. Plots of ln(t") vs noble gas pressure are
shoun in Flgure 41-42, For comparrson, a quadratic pressure
dependence, which would be 1nd1cated by stralght 11nes 1n‘
»(t"-t')/pressure vs substrate pressure plot are shown in

. ‘ s e
Figure 93 for argon and xenon. L R -

H
B

\ L The effect of temperature on the hlstory of" 45373 _light
‘intens1ty1 us1ng hellum and argon as substrates 1s shown 1n
- Figures 44-45.. The concentratlon of 'the' tvc’ geses vas
,“7.0 x 18-+ and l}Sl X 10“ moles liter-—1 respect*vely. An
'increase in t"iand a'marked‘decrease-ln the inte sity of the
:second maximum as thevtemperature is increased - is apparentv;
- from the figures. lPlbts of t"'vs‘temperature (Figur usj
‘suggest a llnear relat*onshlp between these _‘tuo varles.

This is a tenuous conc1u51on, houever, due to the lack ‘of a

»>

_ sufflcient nunber of data p01nts. The time delay”‘of *+he

‘p.

gthlrd 1nten51ty maximum is temperature 1ndependent at ap:'

B .
‘-‘d"-‘

proilmately six mlcroseconds but 1ts *nten51ty is ‘enhanced

by rlsing tenperature,
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"FIGURE 43: (t?-t')/subétrate pressure‘VS subétfate‘

pressure for argon and xenon. =
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‘Intensity (arbitrary units)

40°C

24°C

i 1

" 2.0 4.0 6.0 8.0  10.0

FIGURE 44:

.

L

Time (microseconds)

Time dependence of 2537A 1nten51ty in the’_
Hg( Pl) + He system at varlous temperatures.
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EIGURE‘45:- Time dependence of 2537& 1nten81ty in the

Hg(’Pl) + Ar system at varlous temperatures.
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/r’;he' relatlonshlp bétueen substrate pressure and t" for
nitrogen and dlmethyletner was investigated at roonm tempera-

ture and at 750c (Flgures 47 and u48). Both 'off these gases

v

exhnblt a pressure dependence 51n11ar to that of helium be-

-

“low six torr. The second 1nten51+y maximum flrs

'appears at
six mlcroseconds at pressures of O 15 and C. 60 torr, re-’

spectﬂvely, in the room tenperature experllents. The second

ve
3

1ntens1ty peak then-brapldly approaches ‘the flrst ‘as the?

,pressure is- 1ncreased, where overlapplng Ulth the flash _‘?‘

~.
\ ,,-

ten51ty results in a dlstorted flash curve. Ralslng the cell

'-temperature to 7590C shifts the pressure at uhich‘the second
“marinuu is.inltlally'observed to 0.25° and 0 09u torr for
N, dandv_(CH3)éo, ,reSpectively, and decreases the rate at-
which tv converges’fouard t'. The intensity of the second
fﬁé&k was somewhatireduced’ag rhe,nigher tenperarure;\but not

as severely as in th€ case of heliywm or.argon..

2 serﬂes of runs to deterulne +he relatlonshlp betueen
t" angd nltrogen preg%ure were done using 16kv f1r1ng vol-
tage, rather than the usual 1zkv, at 270C (Plgure 47). Under
these condltlons, the second 1nten51ty na11lul flrst ap/;ar-
ed' at 0.09 torr and it converged‘ ouards the flrst peak as;:

the pressure was 1ncrea=eﬂ af/; gre ter rate than at 12kv.

i ‘
Plots of ln(t") VS'Nz ando(CH;)go pressure for the tuo
[

different temperatures are dlsplaied 1n Flgures 49 and 50.

e

o B
. Acceptable stralght llnes were obtamned-,;nv all cases. A

.
: oo L : S
k\ R A o ‘

§ R . oo . R

‘\ —~ N N . - ! . .
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sumlary of the results for the noble gases, nitrogen and di-

lethjlether are found in Table XI. : o

"R’ second 1nten51+y na11mun appearlng as a shoulder on

" the flash profile was observed in flashed mlxtures of Hg

with CH, and C}H6¢Pet'een_005 and 3.0 torr pressure at room

» _te-perature, CFq4 in the presence of Hg* showed" only a
¥

distorted flash curve betueen 0.2 and 0.5 torr. A detailed

pressure study was not carrled out wlth these three gases

due to the poor resolutWon of the tuo peaks. No auxiliary

¢

-a11na vere detected Hlth hydrogen or ethylene in the reglon

‘of 0 005 to 2 0Cs. tqtr at amblent temperature.

Neither‘t“;norjthe relativevintensity of the two peaks

in .Hg-He or Hg-Ar wmixtures wa's slgnlflcantly altered by

chanq1ng the mercur} vapour 'preSSure from 2. 1 X 10" 'ti}

4, 9 x 10- _.*orr.;The cell temperature for these experlnents-

'vas lalntalned at 27°C.

[y

Helium and argoq wert employed ‘as substrate. gases in

i

experilents to- determine the‘ vavelength dlstrlbutlon of.d

-~

' kenltted radlatlon. No 1nten51ty was detected except .at 25378

;when the photomultlpller was moved to scan beyond a tvo ang-

'strom reglon on either 51de of the: resonance llne. The Sllt
)

v1dths - to the spectrograph and photomultlpller were set at*™

_3 35 nlcrons, whlch alloved about a two angstrom banduldth.'

. e

&
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TABLE XI
| ¥

'éollected‘Data from Time Dependence of 25378 Intensity

‘Measurements in Several Hg(3p,) “+ Eoreign.Gas 5yste|sf

. Ne

~ Rubber Publishing Co., Cleveland, Ohio, 1969.

.Error limits given in standard deviation.

Determined between 2 and 6 torr. . ‘“\}b\
'Déterminej between 16‘andQu0At6rr. G _vb
Values obtained at 16kV firing voltage. -

L

‘ Cell Pressure at Slopé of 1n(t“)
. I.p.Ca) Temp. $argest t vs Pressure Plots
compound (ev) (°C) (torr) - (torr—1) («b)y.
He 20.u8 26 2.0 | -0.20 £0.03 €e)
- T SRR 0.029 + 0.002¢d)>
2156 - 26 Ce 6.027 + 0.001
AT 15,75, ¥ 23° - €.0103 £ 0.003
Kr .60 23 - 6.124 & 0,010
Xe 112,13 23 50" 6.1u2 £ 0.008
u .27 . 0.1s -10.0 £ 0.9
w, 15.576° 27 . 0.25 - 0.56 + 0.13
C@ O . % il\’,' . Lt Q;H .. [
CH,0CH; “7 9.98 25 G.060  -14.5 £ 2.3 |
v 75 0.09% - 9.1 & 2.7
""" 7'--°'°‘ff°°'°°-°°°-'°°--;"°°°°-°'f°°°-'f TTTTTTTTTTT
"Handbook ' of Chemistry and Physics", SCth ed., Chemical .

A2
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maxima. Thls tnen

'2._Discussion. ' , ) ) -

The detectlon of more than one flash ofﬁZS’?X radiation
emitted from some Hg*-foreign 'gass- nlxtures has’ apparently
been previously unreported and, therefore, various explana-
tions‘merit consideration. Several observatlons, however,
sugoest a likely ’approach._to a racionaligationﬂ of -the
phenorenon. | -

Il

Tt is instructive to note that only those gases uhich‘

exh1b1t band emlss*on (23) are effectlve in produc1ng a sec-_

°

ond flash. Hydrogen and ethylene do not dlsplayﬂband emis-
o v v . ‘ :

" sion nor do they shoufmore than ore flash. It would appear

that the formation of a-ﬁg# complex capable of radiative
relaxation is a.necessary'requirelent in order to observe

additional flashes. Although bandoemission orlg1nates from

g° conplexes in ether sen51tlzatlon, thls does not neces-

~ sarily rule out complex formation with-Hg* atonms.

e
& ~

;The» 1ntervention ”df an exc1plex 1s also suggested by

related observatlons in band em1=51on studies (23) and 'the

\

present workn 'Fpr- the, noble gases, band emission studles'

’ .
have denonstrated4“”

fthe interactlo

"on between ghe 1cn12atlon %§tent1£% and

B

A
.
“ o . 5

_,due to ‘the van der Waals nature -ofgwi

1s'paralleled in tﬁe present study by a.

i
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of 1ln(t") plots;(Piagre 51) . The correlatlon seens to lose
its validity in the case of helium, however. thrapolatlon
of the 1line predicts a negative éalue-for the slope of the

" 1n(t") plct for this substrate. Helium does possess a’anegaé'

-

tive value but also a p051t1ve value (see Table XI), both of’

vhlch lie out51de of the range alloued by experllen+a1d

-

'error. Lack of suff1c1ent 1nfornat10n about nolecular ’subs—.‘
trates' prevents an analy51s vof the results obtained with

nltrogen and dlmethylether.

- : ‘ ‘ [
e k¥
2 . )

Thls phenomenon displays propertles in common Hifﬁ;

4

~1asers. The aux111ary nax1lum is renlnlscent of the spiklng
B

‘which is eften observed such- as in the' chellcal lasers
produced from 0(3P) atonm reactlons in the gas phase (152) or

rare earth iom fchelate lasers (1?3). It is 1nterest1ng to
¥
note that in seme cases, splklng occurs“ before the flash
m; , ,‘ o
intensity  maximum was reached, as occurred in some of the

‘prasent erperiments. It has been known for sone time ,(15u)
~that laser emission c&n be detected u1thout nlrrors if the
laser medlum is excited by an 1ntense electr1cal dlscharge,i
in vhlch_.case .the laser';is sa;d to be superradlatlve.'
Iempiki,and'%eiler (155) detected laserh enisSion' using a
Vflash apparatus from a Nd*3 1on in’ Seoclz salutlon contained,

&

in a tube .that was. rou hly sealed off at each .end. These

_ obserwations prov1des ev1de ce - that under certaln .condi-~-

tlons, 1aser emission may be detected in Sllple systems like -

“the present apparatus. Recent'publrcat1ons (156-162)vhave1
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‘Teported laser emission'in the vacuum ultraviolet.from Xe, *
vmolecules.vae delay time for 1aserfinltiation (162) and for
peak output (157) decreases’ as the pressure is increased.
Premature termlnatlon of laser em1551on was attrlbuted gb‘g
heatlng of the xenon ‘gas (16&). Thereffect of pressure and

. temperature‘on the temporal behav1orrof the second em1551on

‘»flash 'in' the present study ‘may be due to the 1nfluence of "
these varrables on the populatlons of the two states ine -
volved in laser em1551on. The changes in the tlme dependence
of the 25373 radlatlcn vin qg-Nz mixtures as a result of .

1ncrea51ng the flrlng vecltage p01nts to the fact that laser

output depends on-: the 1nten51ty of optlcal pumplng (163).

Cn theibasis/of the foregoing discussion, it would seenm

’that‘“aw_laseri is?possible in ﬂg*-foreign:gas systems vhere

)

conplexvformation‘occurs. It 1s obvmous that the productlonﬁ

of (Hg—substrate)* exc1p1exes lmmedlately creates a popula-
tion 1nver51on oulng to the practlcally non- exlstent ground
state. populatlon of these molecules. The fact that the emlt-
- ted radlatlon 1s 1n the reglon around 25373 is not 1ncon51s~
tent Hlth thls suggestlon 51nce +he band spectra exhlblt ap-
precrable; pressure broadenlng of the resonance llne.'Tbe'
second flash 1nten51ty may 51mp1y be due to the band emis~
51on radi&:zon in thlS uavelength reglon. A reagﬂp th band

.'emlsSICn could not be detected °xcept around -253\ may be

el

ra o
that"only aA small fractlon of the total band raﬁxatlon 15‘;

: emltted at these other wavelength ' The observablevlntensityp
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e ' , ;
would 'be further reduced on account of the narrovw slit

- widths used in the measurements.

The comparatively high intensity of the second flash
implies ihat efficien%lproduction of (Hg-subsfrete)* com-
plexes takes place. This does not disagree eith low (o%)2
vailues-reported for some of the foreign geses studied, since

a large portion of the quenching act Qould_ result in re-

emission of radiation arcund 25378 that would be ascribed to

_unguehehea Hg* afo-s.,

Téet proposed nodel suggests thafnihe conplexes‘haver
radlatlve 11fet~mes at least as great as the longest obser¥
ved delay <ftimes for the second flash Thls uould mean that
Hg* couplexes wlth the molecular substratcs studled have ra-
dlatlve llfctlies of a’ few nlcroseconds but . that ‘conplexes

a

Hlth the noble gases have " radlatlve llfetlnes betveen 1C and

. [}

100 nlcroseconds. " /// -

; A schematic reconstruction of = thé .events vhich gives

" rise to the'inteﬁsity'profiles shown in Figure 37 qay be

formuleted; As Hg* atcms are’ generafed by the prlmary

L w g

exc1tatlon a certaln fractlon will undergo radlatlve relaxa-‘

thon, ev1denced by the flrst 1nten51ty peak,.uhlle some vlll
form (Hg substrate)* exc1p1exes. A laSer burst from these
\exc1plexes may be enltted after a perlod of time’ deternlned

. by varlous process, some of whlch depend on the pressure of

?the; forelgn- gas.. In Hg*-noble gas systems, houever, the?f

0y , . S :.'-:"
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laser emission aay he‘prebedéd by a long peribd of time 'an
vhiph low intensify spontaneous radiation depletes fhe uéper
state population. This accounts for the decreasing intensity
of fhé» second flash as the delay time for laser initiation
is increased; Hofe than cne laser flash is pbssiblé if fhe
:firstlccéurs brior to_extincfion of the exciting light or if
some ‘exciplex population Temains after the fifst laser
burst. o ‘f L

T

Cwing to the unsuitability - of .the apparatus used,
approrriate spectral studies of the emission flashes could
not be aéconplished. For this reason, the mechaniss -re%pon-

sible for the appearance of the second and third el1551on‘

]

" This phenomenon would not affect the results obtained

flashes could not be conc1u51vely establlshed.

in the Hg% quenching by nolecular substrates_déscribed'iﬁ

vChapter’IV since it cannot be seen at . the . high pfeséures'

used. in the etperiments..uoreover; the data p01nts used “to

- ~

‘ dete;mlne 1/t vere taken appr011nately 50 nlcroseconds aftcr'

the flash. This is beycnd the 11n1ts at which auxxllary

maxima were observed for the molecular sukbstrates.

Erief’ nantlon aié made hefev'of obsefvatlon of veak
flashec of v151ble light enltted from the caplllary tube “of
a Mcleod gauge, seen when certaln-gases.uere be;ng prepafed,
‘forathe present sfudy. A ‘closer invéstigatianvdisaioséa that B

‘thé flashes are produéed by an electrical discharge  which
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usuallj {éttends the seééfation>of electrical chargevbrqughf
about by the nﬁvementvof,a body of liquiad mefcdry in contact
with a glass surface. Beéaﬁse of this origin, ‘the flaéhés
_are unrelated to optical phenomena'involving gaseogﬁ mercury\
apd substrate in th€ vapour phasé'only, such as‘bandvemis-'
vsioh (Chapter V).or the time dependehée of radiation at
2537% nofed above. For.thés réason, a defailed account of
the study investigating the phenomenon responsible «for"the‘
visible flashes“voﬁld be;éu; of place here, bqt is preiented.
inkAppendix D. | o /

¢ —— %



CHAPTER VII

SUMMARY AND CONCLUSIONS

The 1nteract10n of Hgx and HgO atoms with various subs-
trates  has been examlned in deta11 Partlcular elpha51s vas*
placed on eluc1dat1ng the 1nvolvenent and react1vxty of Hgo
atoms since this p01nt has been the subject of much debate

1n the llterature.

A N S I : IR
Ihe'results of HgO atom guenching for alkanes delon-v
strate that the Hg* initiated reactions of these substrates

ﬂcan be 1nterpreted in terms;nof the energetics involied.

*l‘,f.

‘Qualitative ‘potential energy surfaces, dasplayed ‘in Pigure-

17, explain a number of observatlons made in these systeas:

(i) the quenChiug of Hgo atoms proceeds‘%ia forpation
of an excited complex which may relax via .

(2) redlssoc1atlon to reactants

N ’ .
{b) fragmentatlon of * the substrate to  yield

»

groumd state mercury atoms; aﬁd
(c) thermal re-exc1tat10n back to the Hg* level.
(ii) quenchlng cross sectlons for Hgo atons . are ;ali'

" less than the correSponding (d*)z values due to a

: shallowe} potential well vhich results in a higher

prqbabiiity for redissocietioniof the (HgHR)O© thau

\

\
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'the (HgﬂR)* complex.
(111) the trends observed ‘for Hg0 atonm quenchlng by 10,
20 'or 30 Cc-H bonds and the effect of deuterium
,,snbstitution implies that quenching efficiency is
a sen51t1ve functlon of the actlvatlon energy in-
volved in the abstractlon of a hydrogen or deut-
t,erlun atom.
(iv) the. effect.of temperatureron the guenching cross-
| sections;depends on the:oarticular'alkane. 'Strong
. quenchers’of ngO atoms erhibit a negative tempera—
‘ture effect which may be at+r1buted to the 1nter-»
sectlon of a potentlal energy surface, whlch
correlates ulth decomp051t10n products, vlthln the‘
potentlal well of the (HgHP)O complex. In this
: case, 1ncrea51ng the temperature would favor re-
drssoc1atlon of the complex over fﬁe deconp051tlon
‘“f*process,..whlch may be assumed to be temperature
indepen&ent--iherefore, the quenching rate would
bei.reduced. 4weak7 guenchers, on the other hand,
show little variation‘ in"(oo)z valJZs ﬁithi'an_
"increase 'in'~temperature: For these alkanes it'is
-.sfbgesteg'tnat,\despite.avpossibie'chrease’in the
.rate of.deCOnposition; another relaxatron process.
(probably %gtersysten cr0551ng to the ground state

N \Qf the ‘complex (108)) decreases to sggh an extent

that little little or  no net change in the

2
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It was shown that em1551on from ﬁg* atoms, formed from

\

thermal re—excltatlon of Hg° atcms to the 3P1 level s -the’

; 3

/-
gr1nc1ple _mode by thch Hg° atoms are’ relaxed in the Hg- Nz

v

A
system. Thls fact has a prcfound effebt on the measurement

y 4\ and

of (d°)2 values for very; eak quenchers .of Hgo atoms such as

- 4 -,

bg s .
act prlnérlly qlth Hg* atums.'Further ev1dence to support

thls ‘v1ew in the casg of Xe vas obtalned from observatlons

R 4
. of band em1ss1on An varlous ﬂg N?~X° mlxtures.

- e

k¥

L : , : :
* - Eand em1351on in the mercury sensitizatiofh . of ethers

D

was photographed for- the flrst time. The em1551on was at-

‘ tributed to radlatlve transltlons frou (Hg ether)o complexes

from comparls'on u1th (Hg alcohol)° spectra and the simila—

rity cf thelr

-,

b
react1v1ty towards Hgo atoms. "The, 1nten51ty Xt
' A

the 'band “emi Loﬁ dagends on’ the degred to which emission

‘ ’ R
from +he complex can ccmpete &wlth. decomb051t10n. Oon  the
N r .

L
_bas1§ of H/D kznetlc 1sotope effects 1n*the quenchlng of Hg°

‘atoms, decompos1t10n 'of the ethers proceeds v1a a-hydrogep

i
<

(.

abstractlon. The t end 1n the pos*tlon of the band fnten31 y

maxlma is due. to the varylng‘ablllty of the alkane subs-

tltuents ‘to -
N

dqctlve‘effect,'

nate electrons Loy the7oxygen atom by the in-

vy
k) [y k; " -
“ [
. "i"’h LD
Vel L Ten
* ”
,

The Spectroscoplc and kinetic data“ppresenfed demonst~

=

-

{

rate that’”HgO Aatoms Flay ‘ah' 1mportantﬁrolewin Hg-ether:

- CH, .and Xe. It was demonstrated that these two gases 1nter~"

\

'

i

L

Y
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'decompos1tlon klnetlc studles (125 129) of: . these sy;tems.

| «(\ Lo , D ' 178

-

. L3
photosen51tlzed systenms, Conseguently, the 1nterpretatlon of
experlmental results based solely on re%ctlon of ~Hg* atoms

/\.\
126 Q;@) is not, entlrely complete.

A detalled queacélng mechanlsm for HgO atdms by ethers

and alcohols has been pmoposed,\based on data obtalneq_ fram
. . . : - \ . N '

quenching measurements§ band emission-and photosensitized,

/ 1y
would,appear that Hg*.atcms are quenchedr primarily 't

metastaﬁle»-stafe. ' HgO atops foqm'complexes with ether mol-

eculec whlch possess greater stablllty than the alkane exci-
plexes owwng go the greater nucleoohlllglty of 'the oxy

-@ [
,atom. Band em1551Qn arlses fr/h radlatlve décay of the com-.

plex whlle the Hg° 1s held to th )xygen.atém and freew frow
.perturhatlon by 'mydrogens‘ onl the alkane suﬁséﬁtuent. T

FS

_coufiguration of the~Hg°-oiygen bound<ﬂﬂ94¥}ex may become

' distorted in Such a way . as to allov a-change to a configura-

\

tion. where the Bgo atom 1nteracEf strongly with- a nearpy hy-

. . ¥
drogen atom. Decomposltlon of the ether may then result.

- e - - o
.;/Thls nodel ‘accounts for' ] | o \

/
/
‘ B

L _ :
a-position to the oxygen,

viii) the . decrease in'the (o°)z values with increasing
temperature due to the: louer prpbablllty, of at-
_ta1n1ng tﬂe\ conflgu}atlon sultable for decom-

[
H

vp051t10n andk o ‘ Y

.

_(i)'the ‘observep"deuterium..isotope effect” in the .
. ,3 : .

&



N
~

4

. ”' q Y : . . !

-

(iii) the lower reactivityi of Hgo 'than -Hg* atoms,

- because of the dlfferent mechanlsns by Uhlch these'

N

“two atoms are quenched.

,'\Mﬁ Fhlphur-containing. orgauic compounds<appearlto quench

»

Hg* .atoms predominantly via spin-orbit relaxation, HgO? atoms

X . _ . o ' .
~form complexes with these substrates which may edissociate

«~OT decorpose” via C S bcno rupture. The di ferent quenchlng

mechanlsns 1uvolved are. ccnpatlble u1th (g0) 2 values being
N / )
lower thanl‘the,(d*)z_values forvthe same substrate. Unlike

the case for the oiygen-containing conpounds, a tran®fer of

the. Hg° 1nteract10n site fron the sulphur to a hydrogen &tom\

[} 5

is fiot requ1red in the deccnposltlon process. The crossover.

. leading to fraguentatlon cf the substrate lles below the

T

energy of the separated partlcles, sihce-increasing the

temperature results in a decrease in the quenching rate.

Rad1at1ve relaxatlon 'of (HgSRz)O complexes can be expedted

have a very low probablllty due to the hlgn eff1c1ency of

"he decomp051t10n reactlor. ‘ >
- . bl

] s

~

Reldxation of Hg® atoms in the presence .of ammonia

proceeds by second and third order‘kinetics at roem tempera-'

¢ n

ture but by second rder klnetlcs alone at 769C. The fact

that Zthe quenchlng of Hg° atons decreases as the temperature

is ralsed can be attrlbuted to the decreas*ng contrlbutlon

. to the decay rate by the thlrd order process. In order to

«,account forathe-ancrea51ng gquantum yleld of deconp051t10n as: .

. ae - o to I\

L

N

"/




C o o . :
| -~ %
thé . temperature is 1ncreased 1101), the 1ﬁclus*on ‘of .a de-

!
- {
compos 1t10n reactlon 1nvolv1ng Hg° atoms is requlred

e

(HgQ) © complexes,,vhere Q = Hg, alkane, alcohol, NH; or

a mercaptan, are- remarkably Stable to COlllSlOﬂal deactlva-

tlon. /Thls was 1nd1cated by the.lack of a measurable effect

H

“on the (d°)2 values due to varylng the concentratlon of Nz,

or by the fact “that ammonla dld not affect the radlatlve e

llfetlme of the (HgNH,)O complex at hlgher NH§ pressures.

’\\'hromatic\molecules quench'bothvﬂg* and Hgo atomsvayith.."

. SNERCRIE
hlgh efficiency. ‘2 deuterius isotope effect obselﬂ

'CGHG and C6D5 1mp11es that quenchlng proceeds by h‘  for-

SA

' matlon,;of a complmr which undergoes 1nters?stef crossing
5 : SN

: prlor to decomposlng tc a ground state mercury atom Tand “an

exc1ted aromatlc molecule. Apparently the rate of 1nter-_

*I

system cr0551ng is decreased by deuterlum substitution (116 E’”"

117). e o R TR

.

P A complex time dependence of‘the 2537K radlatlon ‘has

’been5 obsenved in flashed mlxtures of lercury Jnd the noble'

”

btgases, nltrogen and dlmethylether. Several 1nten51ty max1ma"\

.7"."

nay be present, the number, p051t10n and relatlve inten-

”’31t1es of #hich depend on the nat: -e and pressure' of the.
;fbreign gas, cell tenperature‘and;intensityvof the incident
: , |
radaatlon-xAuxlllary maxima were no+ed only for those gases

,uhlch dlsplay band em1551on. A correlatlon exlsts between
, )_
the dependence of. the p051t1on of the second lax1num as  a

[
~ Es)
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function . of noble gas pressure and thelr 1onlzatlon poten-e
tial. Since the noble gases and nltrogen both produce‘ this
leffect, the presence of Hgo atoms does not seem to be in-
veived These and other characterlstlcs of the. time depen-
dence ofqthe 25378 intensity indiqate:that'(Hg-foreiés'gas)*
éxciplexes~are insoive&,.possibly in a iaser mechanism. Far-
ther' experlmental work 1s required to eluc1date the proces~ f
ses respons1b1e for this unusual behav;pr of the 25378' in-

-~

tensity. ° o S L N\
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Y

DERIVATION OF THE RATE EQUATION

4

IN THE Hg(3P,) + N, SYSTEM :

A

‘The  elementary Vchemical reactions thch descrlbe the

.,Hg*°N2 system after the termlnatlon of the flash are.

Hg* > H& + ho(zsaix)_‘ )
Hg* + N2 > Hgo + N (v= L S T )

HgO + Nz -> Hg* + W L (127

HGO + H + W, = Hg,* A1y + Ny [13]

\

The rate of change ofqﬁg* and Hg? atonm concentra-

tlons is 91ven ‘by

d[ﬂg*]/gt = ,z[N J[Hg(ﬂ (k,,[NZJ * kz)[Hg*] - [use)

(AHGO VAt = kyy (N2 J[HG*] - (k5 [Ny 1 + ko[BG N, D)[HGO],
) .- LN N . N [.u7]
reSpectively. A solutlon of these tvo 51nu1taneous dlfferen—'

tiél equatlons can be derlved u51ng the nethod of d1fferen-

tlatlon and e11u1nat1cn. Haklng the substltntlons , ;/W\N
x = [Hg*T T N
.Y = [Hgo]

a = klz[Nz] ,

194



[
v
[XERS

) L 195

= k}l[ﬁz] + k;
= ky; [N;] and

h = k;,[N2] *1kistﬂgjtﬁg].

o
{

Ve
|

. equations [46], and {47] become

dx/dt

1}

ay -.bx I [u8]
~dysdt ="gx - hy. S0 C[u9] A
. - ' 3 . : . .

' Differéntiating.equatidn’fQB] yields

S d2xsdtz = a(dysdt) - b(d*/@é) - A[SOJ _
Equation [49] is substituted into equation [50] to give

M i

,ade}dfé = ag# - ahy - b(dxsdt). [51]
' _?By‘re-arragging eguatioﬁ’[08] isto the fbrm
Y- t@xan s e o o (521
aﬁa sﬁéétituﬁing'inQO'eéuation [51] offers

v
@

d2x/dt2 + (b+h) (dx/dt) + (bh-ag)x = 0. [53].

Equation [ 53] has a solution of_thé form

-

X =[Hg*] = Ciexp(r,t) + Crexp(r,t)  [54]

yhefékrkvand-ri-a;e the roots of the'complimenﬁary equatiqn .

given Ly ; ‘ : : : . . .

. : : 6 ' .. "\,« L N
A : T ’

LT (U4 (U2 - 4V)izy2 and 0 gss)

EN . : i - o



£, = -(U -:éfz - uv}t/z)/2,~ - [56]

where U=Db+h and V = bh - ag. The square root terns in

equatlons [55] and [56] can be put 1n the form

(Ué,' 4v)yrsz = y(1 -VQV/U2)1/2-' .. [57]

so that a binomial expan51on of. the rvght hand side -may be

carrled out. Equatlon [57] Teduces to-

(02 - u4¥)1/2 = g(1= 2vyu), <\/;;ffﬁfrf‘¢s

/

—

'since all ‘terms except the f*rst are negllglbly small.

Substitution of equatlon (58] back into [55] and [56] glves
r, = {782 + V)/Ufand
N B § .
-0 >> V undet tie experimental conditions s,o’that-r1 = -0 and

. i . . Y
exp(r,;t) << eip(rzt).vThus equation [54] reduces to '

1

= [F9*] = Coexp(- (/U3 ty. 0591

Now, after expanding and collecting ternms,

<‘
[}

*
bh - ag = k[ N1(ky;+ k,5[Hg)) *.kxxkxs[ﬂglfgllz and
U =b+ h=k[Na] ¢ ka ¢ kip(Np] + k3 [HGI[N,].

Since the 25378~radiatioh'is,proportional to the Hg* ‘atom

concentration, the rate cf decay of the resonance llne an

the [Hg*] are 1dent1cal and is deflned by the rate constan -

sz = v/u.

~

>

Y
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At-low mercury cenéentrations,

kis [HGIN, ] + k[N, ] <<k, +52i (¥, 1, .
sa-that U may be ekpressed‘simply\as
. " . ‘

-0 =k [N,] + Kk,
and

kz [N )(kiz + ki3 (HgD) + kg, k,,[Hg)[N,]2 -
L oky, = - , 4 . (4]
2 kp + kn[“z] ' : :

3

At high nitrogen pressure Hhere nearly complete quenchlng

‘ results, k, << kI,[Nz] and equatlon [1“] may be: expressed,

_after re-arranglng +erms, by the formula

‘ sz_= kakyia sk, + klsfagl[ﬂz]- : - [60,
Usingfthe relationship‘between ki and k,, -
| - U B o
’ k;z/k,1.=«3.o exp(-5.06-% 103/RT)
given in reference 88, equétion [60] can be written as
kNg = 3.0 exp(=5.0 x 103/ET)kz + kls[Hg]sz],, B [15]

-

s the 51uu1taneous dlfferentlal %quatlons [u6] and [u7] are

solved for the Hg° atom concentratlons, a solutlon 1dent~ca1'
tc [‘9] can be derlved except for a dlfferent constant 1n,
! ~

place of C,. Thus, the decay rates 'of -Hgo- atoms and the -

delaYed fluorescence intensity are the sanme.
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APPENDIX B
DERIVATION OF THE Hg A(3C3) CONCENTRATION
AS A FUNCTION OF TIME

The ~following reactlon mechanisn has been used to

gnterpret the klneth°,1nVOIVlng the meréﬁry/exélmers-

Hgo + Hg + Nz -> ng* (31,) -+ Nz , - [13] MN)
Hg, * -> 269 + hv(33503) . | [16]
ng* + Ny => Hg,** (30—) + N2 17
Hg, * + Nz -> 2Hg + N, (18]
Hg,** => 2Hg + hv(48508%) . [(19]
Hg + N => 2Hg + N,. - ® K [20]

“ -

It is assumed that the tlme dependence of the Hg° atom con-

.. /-n‘~

centratlon 'is known from the decay ratoiconstant,_ku ’ of

the delayed fluorescence intensity at 2537%, i.e.
. | . -\ : f'_"; -
[H9°] = A exp(-ky t) = A exp(-mt) ' ‘

The rate e€quation for Hg,* is *

ARG *1/aE™= Ky [HGI(N,J(HGO) = (kyq + kyp +kia JON, D HG,*]

o {61]

Applying the substitutiods

n:[HQZ*] ﬁ f\
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NP = kis * {k;;, +k;y}[N;] and /
T g = Rk (HGIIN, ),
equation [ 61] takes the.form%ﬁ
dn/dt + pn = q exp(-mt)
and has the solution LT C’\ :
i\\ L . . . . )
w -0 = [Hg,*] = g/ (p-m) {exp(-mt)_-_exp(-pt)} - Le2)

using exp(pt) as an 1ntegrat10n factor and the -condition_ \

'
[

that [Bg,*] = 0att=o0.0 | R

.

'The:rate equation for ggz** is

)

d[“?g**]/dt = er[N ][ng*] - (kxv*kzo[Nz])[ng**] [63]
which can be put in the form‘/

duzdt + vu = vQ/(p-m) {exé(-nt)‘- exp(-pt)} [64]

by making the fblléving substitutiohs

= |
il

[ng**]
vo= k,, + kzo[Nz] and
W=k, [Ny ]

~ Equetion [64] has the solution
= [Hg**] | o
wqt(v-p)exp( mt) - (v-m)exp(-pt) + (p-m)exp(-vt) ]

= _ —— 1651
- L (p--)(v--)(v P} |
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‘@ﬁusing- the Dboundary - condition that (Hg,**] = ¢ at t

i
[
L

~Since

I~e$o ?'d(h°)/dﬁ = kig[Hg,**],

® ..

' the tinme dependehce of the 4850% band ;utensity'is‘expreSSed'

N ) o |
VT A'Ky3kiz Kig[HgIN,12 (X - Y + 7} |
Iees0 = : : — v (21]
(p-m) (v-m) (v-p) o :
where  m = ky = "  . ’ -
p = kx;o + {'kxbr"kls}[Nz] o
V= kyg + kpolN,) 4 ,
X =ﬁ'§) exp (-mt)
¢ i e ) .
£ Y = (v-nm) exp (-pt) /
Z = (p-n)etp(-vt) and
A is a constant. r
- ‘\ 2
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APPENDIX ¢ -

1.
Y i’ {

e

s (.. DERIVATION OF THE RATE EQUATIONS
~ ) . fyir . -

IN Hg (3P,) -

§i

P
o,

' . S i - .
- The followihg\mechan®smh describes the important reac- J

tions taking place"in.'a'Hg#-Nz-foréign gas mixture after

flash excitation has ceased:
o o )

v
Hé*'-é Hg + hv(25378) “e - (23{”
Hg* + N, => HqO0 + Nz(vﬁ1f. . , [11]V%
HgO + N, -> Hg*.f N2 * | (121 -
‘Hgo + Hg;‘:Nz > Hgp* A (31,) + N, (13]
Hg* + Q —9:Hgn+ produéts , | "’. [24] )
Hg* + 0 _) ngo + 0 '. ‘ » {‘2510

@ 'Hgo 4‘9 —> Hg +.products = " E | [261

' where Q signifies the quencher molecule and "products" in-
.vdicate-felectronic excitation,'decdmposition, band emission, | .

etc, . - - A R T e

» /

o . . . J o
‘The gate of change of Hg* and Hgo atom concentration

_‘are, respectively,

ky2[¥,1(HgO ] "{ké*kii[Nél*(kz4’kzs)tQ]i£Hg*J

fky, [N2] + k;s[QJ}fﬂg*] o : gj\”

“lhia (N2 )+ kae[0Q] + Kyy[HG)[®,1}(Hg0). * [67]

~ d[Hg*Jyat =
L D o e

- d[ Hg° ]rdt

201 s . \
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... The methdd of differentiation and elimination described
SR I T K , ~i
in Appendix A .can be used to solve the s1multaneous dif-

2
ferent1al eqUatlons [66] an% [67]. The Hg* atom concentra-

tlon as a functlon of tlme is glven by.

U

. \LHg*Jiz K‘exp&ﬁth) \

: D
4 AR TN

‘where kq° is  the reciprocal of the decay’ llfefime of the

25378 delayed fluorescence, 1/t, given by°

RS

T = kp

[tkatky, [020% (Koyokys) [Q38 (ki [¥2 D¥k3q [ Q1+ (R 1N, 1)
' .= kxz[“z](ku[nz]"’kzs[Q])]
kz+kutnzl+ (kzukas)[orku[ﬂgltw ]*kla[N?*k slQ]

. I .
vt
R GAR .

N  res] .

If the quencher concentration is kept small and fhe pressufe

of nitrogen is > 10C torr, then

: kN1 >> Ka* (Kau Kes ) [Q 10k [Q 1t kas LGN, Jky (W )

and the denonlnator of equctlon [68] becomes 51mply kle"z]
By expandlng the numeratcr znd collectlng'_terms,:-equatlon

[68]_caq\be reduced t0°the form:

kr = k klz/kuv*\kn[ﬂgl[N ] + kze[Q] + kz4 12/k11[Q] +

1 {ka+(kz4+kzsrton7g@_[nz]1 ke[ 0] ,[6,9]-’

since K u[Nz] >> kz+(k2‘ kps)[QJ. The- coeff1c1ent of

26[Q] in. the Iﬁ%ﬁ term of equatlon (69] expresses the ratio
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of the -el 1on r&&e of Hg* atoms by em1551on and quench-
ing by the forelgn gas to the rate cf spln orblt relaxatlon

by nltrogen. This ratio is <« 1 and

1
5

AR (20 #K23) 00N /Ky 10,1 Kag (01" << Ky [Q] B

and can be néglecfed. Thus, equaf%on [69] can be re-written
as: -
[ ‘

kK = kekia/kyy o ¢ ks [HQIN, ] + (Kyok,,/k,, + kag) Q1. [32]

.
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- APPENDIX D 9

CHEHICAL REACTIONS AND TFIBOLUHINESCENCE INITIATED

@ ' 7 BY TRlBOELECTRICITY

Vi
In, the course of the present work it ﬁas noticed that
a red flash of 1lght was enltted from the. capillary of a
HcLeod gauge, contalnlng - neon gas, vhlle the nercury vas
ubelng drained. Thls cbeervatlon prompted a "close lstudy of

‘

the - phenomenon ;nvolved,,the results of which are reported

heref, | S - ' - _ ‘ | S
- The~0ptical disnlay.has As. origin in the faniliar‘
phenouenon of,»a charge separatlon -induced by the rubblng
togethfr of tvo d1ss1m11ar substances.(Thls electrlflcatlon,'
‘ con-only referred to as trlboelectrlflcatlon, is belleved tob

arlse from the contact potentlal dlf erence of the tuo subs
tances (160).lRubb1ng is not afgnsgjLsary regulrement gb““
serues only to bring about 1nt1mate surface contact over
larger areas. Slnce the majorlty of the research concernlng:
‘static electr1c1ty has usually bé%n carrled cut in éinnec-
‘tion ulth its relevance to 1ndustr1al proces es, a dexalled
survey of the work is beyond the scope of the present study.
‘o Theztern -rlboluplnescence is applled to the optlcal phenon-:

ena vhlch often acconpanles trlboelectrlflcatlon. .

,Triboelectricity andv tribbluninescence .generated by -

v A W : : - ) \ .
RN L - - . )
. . N -

204.
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-

nercury in contact vuith an dmsulato* has only recently;'
attracted study (165- 171), although it was dlscovered _cent-
uries ago (172 173). Hedley (165) demonstrated that mere
contact betveen mercury and a plastlc sheet uas, suff1c1ent
“to produce a statlc charge of up to 500 e.s.u. /cm2 Dybwad
and Handev1lle (170) attrlbuted the electrlflcatlon of ‘mer-"’
cury on a guﬁﬁtz éurface tp the n1gra+1on of electrons from‘
the -ercury to the guartz. They estlmated an electron den-
/51ty on the quartz of about 6 x 1012 electrons/cm2 as com-‘
pared to .a surface’ den51ty of 2.4 x 10ls atoms/cmz 2 large
total charge may be produced by slldlng the mercury over the
glass and depends-wn the rate at which the mercu;y is agi-
tated the surface areas in contact, the pressure between

.the' tvo surfaces and the electrlcal conductivity of the 1n-‘

sulathr.

/. ) ‘> ) .‘. ."

“An electrlcal dlscharge ulll resul 1f thp» mercury is

Slld along the surface exp051ng the change on ‘the 1nsufator

\

"to the vapour above. Thls produces trlbolumlnescence 1n .the

forn of flashes of llght vhlch occur as electrons Jump back
e

to the mercury fron the surface of the glass and a contlnu-‘p

ous' discharge or. ,glg\\ usually the domlnant form, ar1s1ng
frou the slow leakage of ! electrons from deepet electron
. .traps .(170)' The flashes preceed the 9139 but, dependlng on
the cleanllness of the' surface and 1ts ‘conduct1v1ty, d§hese
flashes lay be absent. The spectra (167, 170) 1nclude 11nes'

from lercury, any forelgn gas vhich may be present and atoms'
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aof the glass material in -both neutralj and ionized states.
" .The lines assigned to theyatoms of the wall material such as

silicon and boron.indicate"that-these are on the surface and

@

not ¢gart of.the internal crystalline structurer(170). s
The present investigation/Vas-und:}%akenfto7eiamine'the

. » . . o ‘ . &

effect on the emission of varying the nature and pressure of

a foreign gas, the.na%ure”and condition of the wall material
o R o, -
,subjected to dlfferent cleanlng treatments and temperature.

e : v
ﬂhe chemical changes brought about Jin the forelgn gas, which

may be ant1c1pated from an-. electrtcal’ dlscharge, uere also

1nvestlgated' 51nce» no prev1ous study of this aspect of the

phenonenon appeared to have been made.

Q\
Three tube materlals, p¥ren glass, vycor 7910 and fuse?

——.

quartz were examlned. Varlous treatnents of surface condl-‘

tlonlng,were appl;ed befcre the tubes were filled wlth'ahdut
. , : \ : )

thirty = torr neon and'g%ve grams of mercury. The results are

tabulated in Table XII. The relatlve intensities of em1551on‘

|

\
vere deternlned by v1sua1 cbservatlon as the\tybe,was shaken

R
1n a laboratory shaker. Ihe ‘most 1nte;;; emission is denqted

-

‘by the number 1. .Such observathns are subject to. large er--
4 .

rors due to the 1nab111ty of th eye to dlStlthlSh between

dlfferences in 1nten51t1es uhen\ such -dlfferences become.

small. There ‘appearedv to be no significaht‘difference in

Ty

intensity betveer the bri?htest ‘emissions _fron the three:'

kinds of tube material. o
. _ - S . )
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TABLE. XII
. ' : » X : )
. . o o \'
‘Effect of Wall Material and<gﬁ;féqs Treatment on the

Relative Intensity cf Triboluminescence from . -

Ampules Con{ainiﬁg Mercury and Neon (a),

===z ====s=c-=z=S-cozso=¥==SC =S =SC--ST oo =m—m-s==ss————m——crmt—-—==——==
. Wall _ _ ‘vchréiic
Jfatemial | MTN) G ACId () ROR (D | Untreated (o
quartz - 3 1 .
VYC6£_' 2 1 3 4 o
Pyrex 3 2 " u q%

~a. Cardinal numbers}refer}¥Y'the b:ightneSs of the emission
~where 1 is the brightest. .

b.rThe'tnbés were washed with 25$ HF and';insed with water.

c. The tubes were wvashed ’

potassium dichromate in concentrated sulphuric acid and
then rinsed with water. ‘ : '

'-d,vTBé'tubésrveré washed with 10% aqueous KOH . and rinsed
with 95% ethanol. - :

_e;.The tutes were'not t:éatéd. .

with a saturated solution of o
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o ' -

It 'appears that the 'dianeter of the tube has little

(

effect,on the emission 1nten51ty. Pyrex tubesy- ~washed u1th

L

KOH and rinsed Hlth ethancl, were fllled ulth 31.3 torr neon

and 5 %grams of mercury. The tubes were 7 9, 10 and 13 mm
(0.d.) and about 12 cm in length. No difference in emisgion

intensity colld be discerned.

Several gases vere used for fllllng and checked for.

visible,iight, h%l vdre found to. yleld an en1551on, 'the

intensity of' which is a funotion of'preSSure. The relative
\

emlss1on 1nten51tres-uere deternlned and denoted by cardrpal

_‘humbers as explarned ‘abcve. Pyrex tubes (9 mm by 120 mm)
were used, -ui?:out any previous treatment Each tube con-. -

tained approxin ely flve grams of merCUry; The results are

-~ ;\

sumnarlzed in Table XIII.

The tubes ha#ing the brlghtest"intensity of each

.d1fferent gas were\compared with each, other. A wide vari-

'atlon 1n 1nten51ty was noted, as 1nd1cated 1n Teble XIiv. The
brlghtness was evalua*ed“ﬁ& degree to vhlch the eye required

_ dark adaptatlon in order to see the em1551on.
SN o % -

’

A smail vagount‘ of'"biecetyl ;n'the:neoﬁrand hydr gén
tubes:decreased the inteq;ity of _thev‘ehission“-greatly.
".tube’contaihing mercury, neon‘end hiaoetyl (5:g;s.,f26.6 and
1.4 torr'respectiveiy) ehitted dﬂhluish red color of ueaker
,intensitytthah the tube chtaining biacet}l and ierdory only

N
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TABLE XITI I
Variation in Triboluminescence Intensity With
vlﬁfQSSure,of §g§efathoreign;éésés,
Rélative Intensity W;Eh Gas Préééure (torr)
Foreign | : ‘ o R :
cas . 1 2 '3 4o s € -
1o T3le 191 1.9 29,2 55.0 0.7
Ne 29.1  20.9 1.9 9.4 u49.2
Ar a2 f 36.6,',7'60.1' o ~_‘:7'
Kr 52.1 12,6  83.8 - -
Xe 35.5  ®.3 e0.9 - -
Hap SRS 2% _'.‘10.8_ - - 'f , -
N, 2.8 10.0 . 20.5 52,5 _’i1u.2:' .
co '_3.0- - 16,4 - "3u4.5 56.5 S  'f
" cRe w3 11.s 36, 8 59.5 - -
CoHa 1.5 9.9 22.3 44,1 . -

' a. Cardinal numbers refer to the brightness of the emission
where 1 is the brightest. . < 2
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Table XIV .. ° o
Comparison' of Ha;inun Egissidnvlntensities_‘
~ of Various Foreign Gases,

Gas Fill - * .C&lor of Emission Degree of Brightness
Ne ‘ A o:ange réd - The emission carn be
co . : | greenish blue ° seen in dim room
Hp R light blue =~ 1light.

Xe . . light blue

CH, ' : ‘ 1i§ht blue' The emission can be
/AT ' - ~~ light blue  seen after 5 to 10
‘He =~ ‘ light blue -  seconds of dark

‘N, S : _violet blue adaptation of the
Kr '” o ‘1ight blue . eyes;' E
biacétyl (24.3 torr) . light blue

q . o ‘ _‘_Thé emission can be
CoHye R “lightfblué ~ 'seen after about 30
air (24.4 tbrr)4 light blue ~ seconds of ‘dark
h Hg (no,gasvfill), light blue adaptétipn of the:
' eyeé.

..................... v-—df--—----t----_—-----—--—-—-—----—d
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! g ; o, ] " . .
(cf. Table XIV). A tube with mercury, hydrogen and ~biacetyl
\u(S gms., 16.7 and,1.0 torr respectively)vuas found to emit a

light blue radiation which again'is less intense than the

tube containing only hydrogen and mercury.

Ihenuse of a‘sodium amalgam instead of pure~mercury aS'
the liquid metal in jthe tubes seemed . to- suppress the
emiSSion almost‘entirel& as Heli as Changing the color. The

~ tubes .uSed ‘in this experlnent contalned approx1mate1y 10
grams of amalgam composed of 442 grams of Hg and 0. 2U .grams
- of Na. :le tubes wvere of pyrex, 13 mm o. d. and-120 mm long;

" Table Xv g.ves the results of the’ experlment. leflculty( in
&

preventing tne formation of'oxldatlon products on the 1ns1de
wail .of the tubes decreases the rellablllty of the obser-
'vatlons. In tﬁls connectron, Harper: (167) has shown that thed
presence of zfld s may have a profound effect on the trlbo?

electrlcal ropertles of a metal in contact with an. insula-

."/

tor, 1ncludhng the reversal of the sign: of the electrlcal
o QO - . . : o

chargec on the two materlals.
\\ A Hood' -alloy metal meltlng at 7C°C was used -nstead

3
N

of nercury 1q:a tube contalnlng neon. Hhen shaken, the tube

emitted the characterlstlc orange-red color of the' neon
¢ -~ .. ¢ N ‘
: fill The hetal was composed of the elenents Bl, Pb, Sn and

\

Cq%ln the prOportlons 50 : 26.7 : 13.3,.: 1C.C rGSpectlvely.

When cesiua  or brcmine ~was - used instead of mercury '’
‘along with added neon, no emission could be sean.-

a B,
9. Lo
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" TABLE XV

3C.6 torr helium very weak féddish colbr'; ST

26.5 torr neon very weak blue color - ~

"10.2 torr hydrogen © no visible emission .

b
! , s
B V.
- v. - :
e v o
iy N R
o .. B &
~ s
. -
Qv
i
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A pjréxutube was j01ned to a plex1glass tube c0nta1u1ug.

three grams of mercury and 29.0 torr of neon. The red glovté

from the neon was about the same 1nten51ty when the mercury
vas agltated 1n51de the glass sectlon or. the plastic - sec-

tion.

R brief investigaticn into the effect of temperature on
. the enissionv was also carried.out. A tube contalnleg only
mercurj- showed flashes of thtlsh blue llght 'at,)7room
temperature but uhen 1mlersed in b0111ng water the emlss1on

olntenclty is greatly lncreased and becones 'very ‘diffuse.

rﬂlth 39.2° torr neon at room tenperature the major color 1s

orange-red 'with a trace of blue. When immersed Tin- ~boiling

~

uater the red llght seems to retain the same *nten51ty but

the anten51ty of blue llght, whlch appears near. thek mercury

surface,’ is very much increased to the point ‘where the in- .

. tensity of the tuo colors become about equal.,

The 1nten51ty of eu1551on could be 1ncreased'vby in-
hcrea51ng the aéLa of ccntact surface betueeh the. mercury and .

='the‘ glass. Thls _ was achleved by plac1ng one or two glass:

\.splrals axlally in the tube. 1A pyrex tube, U0 mm by 120 nmm,
contalnlng two glass splrals and uo torr neon pressure gave

the strongest enlss1on thCh could be readlly seen from a

bbdlstance of a&%%iiglfty yards in the dark...

.
2 ' h

R

B

N The.'cheuloalv reé%tions‘ vhich take place in-the gas .
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— atmosphere durlng“the-electrical discharge. and tribolumin-
'escence represent an interesting possible~application of the
' phenomenon. For' these experlnents the reactlon tubes were
;made of pyrex, 30 mm by 120 mm, encasing a pyYrex 7c01l jto

2

1ncreaseﬂ.the contact surface area. "The tubes Were treated
a

~Wwith 10% KOH, rlnsed with dlstllled,ﬂgter and ethanol prlor

to use€. To each tube, approx1mately 70 grams of mercury was .

added and then flll°d with the reactant gas(es) The filled

’tube ‘was then mlldly shaken for a period of tlme in a lab-=

s

'oratory shaker. The results are presented in lable XVI  with

.the . product ylelds expressed in relatlve g.C. peak/arems.~hn

‘1nterest1ng product in hydrocarbon systems is. the forzation

~ of alkyl mercurials in relatlvely high - yields. Similar prod-

ucts could be brought about by bubbllng the gases through a

pool ;ﬁ/mercury.

The vimplication"that\Spurioushproducts may arise from

'gas‘phase experiments. performed"uith apparatus- in vhich
'mercury moves “in'.contact wlth a glass materlal was tested

out. Non- condensable gases were produced ~from hydrocarbonsA

and acetone cn extenelve nanlpulatlon by a Toepler pump. -

N

Ihe mechanlsms cf these reactions are obv1ously complex

and are  expected to 1nvolve ionic as well as photochenlcal

'procesSes




TABLE XVI

' Froduct Yields from the Triboelectrical Discharge
jDécompositioﬂ of Hydrocarbons and ACetone:

ST oo mES === ===== S ST R R s TR E S S S S S s S o T S s == =SS === ==

' Decomposition product yield ca)
~© (for initial substrate pressure ang reacticn time)

"11.0 torr CH, © 9.5 torr CiH, 11.8 toIT CH3COCHj:

Produéts _ 2u‘hqﬁis " 26 hours 12 hoars
ca;agcng ' }[128. ' : . 55 .Aj S '  621
 CaHp ¢ 60 REEY:
' " | 32 |
12 '» )
oo 23
50 l_,7 - 27 .
o 107 |
35 o us
| S~ 81y

a. Measured in relative g.c. peak ‘areas.
b. Denotes an unidentified four carbon compound.
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o TABLE\ XVI (cont'd) -
f”s ‘ A : B
Gena o |

Froduct Ylerds from the TrlboelectrleaivDlscharge

Decomp031txgﬁ;of’HYdrocarbons and Acetone.

Decomp051tlon Product Yleld car

(for initial substrate pressure and reactlon tlme)

11.3 torr Cgﬂr 8.3 torr He + 6.6 torr C2H4'

Products -~ . 13 5 hours Co 24 hours l
“('IH3HgCH3 o . 171\ s - T ,
é{Hé'_. : ,5;:~201; : 396
o acs o 130 -

Cw, T e T

| CyHg f _; 2 42

C3He o o " 7 o o '- 21
CHa S - 333 - : nor measured_'
'C4Sb)i . , | O he
CH3BgC Hs S o191 | |
ﬂcgccfﬂs - .' o 366 » SO - » , ‘
'Yeliou , - B | : ‘ . . . ‘
1polyner T v . B
......................... ‘----‘--"f“"“"q'-.’---f(‘“

a{m;%eaéured in relatlwe g <. peak areas.

P

b. @knotes an unldentiflvd four carbon conpound



