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FOREWORD

The dye laser is of potential importance to the military because

it offers wavelength tunability . A critical component of the dye laser

• is the dye solution and the way that this solution changes with useage.

This report addresses the question of the purity of these laser dyes.

This study was initiated in November of 1978 and completed by

August 1979. The development of the method of analysis was funded under
task ZR01305. The evaluation of the purity of the dyes was funded

under task ZF54-581—OOl of the Electronic Material Technology Block
(Program Element 62762N) at the Naval Research Laboratory.

This report was reviewed for technical accuracy by Dr. Ronald A.

Henry .
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RESULTS

1. Group (a) ~~

All 35 dyes were very well separated from their impurities using
Solven t Sys tem A w ith the ex ception of coumar in 175 as shown in Figures 1
and 2. Coumar4n 175 dye is a salt and the more polar Solvent System C
was used to analyze this dye. Among Group (a) dyes , 14 were found to he t i
pure (40%) and the others were found to have from 1 to 9 impurities pre-
sent in the samples (see Table 1). Coumarin 106 (Eastman Kodak), coumarin
102 (Eastman Kodak) , and coumarin 480 (Excjton) , for example , were
found to have a large number of impurities.

The amount of material applied to the TLC plate can make a signi—
ficant difference in the number of impurities that are “observed ”. Thus ,
a d ifferent number of impurity spots can be observed between A and A ’ I

.
’

o f Tab le 1 even though A ’ was to be a dup licate of A.

lt is very interesting to observe that Exciton 423 and Q6F (LD 473)
dye spots turned from colorless to pink then to red in one to two days
when the plates were left exposed in air at room temperature. Further ,
TLC studies on the color Q6F sample indicated that at least 4 photodegra—
dation product s were for med , one of them having a very brigh t cherry red

• color .
S

i
2. Group (b) Dyes

The TLC results of Group (b) dyes are listed in Table 2 and are
shown in Figures 3—10. Only 4% of Group (b) dyes could be classified as
pure. Although all 29 dyes were separated from their impurities in both H
solvent systems , Solvent System B gave somewhat better separation for
the longer waveleng th dyes , while Solvent System C gave better separation
for the shorter wavelength rhodamine dyes. Among the 29 dyes studied ,
only 2 dyes were found to be pure. Carbazine 720 (Dye 19, Figure 4)
appeared to be pure in Solvent System C; however , the same dye revealed H
four components in Solvent System B and the color also changed from dark
brown to orange. It is possible that the dye had reacted with the sol—
vent, e.g., ace t ic acid, to produce the observed additional spots. Other
non—acidic solvent systems should be designed to further investigate the
purity of this dye.

Various substituted carbocyanine dyes with a general chemical struc—
• ture of R—(—C}l=Cl’i—CH2)j—R exhibited photobleaching phenomena. The blue—

green colors faded shortly after the plate was spotted and developing
initiated. The rate of color fading depended on the amount of dye that

e was present in the spot. It is well known that these polymers are very
unstdb~ e chemicals , and such dyes could very easily react with oxygen in
the prestnce of light. Any reactions at the double bonds reduce the
degree of conjugation and thus bleaching occurs.

9
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I

FIGURE 1 . Group (a) Dyes l—17B Developed by Solvent A.

FIGURE 2. Group (a) Dyes 18—34 Developed by Solvent A.
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DISCUSSION

The Group  (a) dyes were found , on the  whole , to be much pure r
t h a n  those of Group (b) , and yet  onl y 40% c f Gro up (a) dyes were found
to  show no i m p u r i t ie s .  Two po in t s  mus t be emphasized , however .  The
f i r s t  is t ha t  the TLC technique is q u a l i t a t i v e  in na tu re ; some or all
of t h e  i m p u r i t i e s  may be in t r ace  amounts .  The second and most impor-
t a n t  p o i n t  is tha t the e f f e c t  of these  impurities upon the lasing 

• -i

characteristics of the  dye so lu t ions  have not been determined . Dyes
lase quite effectively in contact with high concentrations of non—dye
molecules — name l y the  solvent. Thus a more extensive study is
needed to determine the overall effect of the impurities observed in
t h i s  s t u dy .

Some effort was made to determine the effects of the test method
upon the generation of what would appear to be impurities. As mentioned
in the Results , the app arent impurities of carbazine 720 may be due to
a reaction with acetic acid. Figures 5 and 6 show the effect of TLC
on w e e k — o l d  so lu t ions  s to red  in the dark in a r e f r i g e r a t o r  as opposed
to  f r e s h  so lu t ions  shown in Figures 3 and 4. There appears to be a
small amount of i m p u r i t y  having hi gh Rf values in most of the week—old
solutions that is not apparent in the fresh solutions . Dye 11 in
Figure 5 show s a second red spot not seen in Figure 3. Similarly ,
dy e s 12 , 13 , 27 , and 28 in Figures 5 and 6 show additional spots not
observed in Figures 3 and 4. Thus , TLC could be used to follow the
interaction of the dyes with their solvents and/or air fairly
independent of their photochemical reactions .

S ince li ght is used to examine the TLC plates , the techniques
used here are no t comp letely free from photochemical reactions .
The photochemical effect is particularly noticeable in Figures 8—10
for dyes 22 through 28. Marked color change occurred four hours
af ter the development of these solutions . This effect may have been
accelerated through interaction with the solvent in the week—old
solutions shown in Figures 9 and 10.

The effec t of the silica gel substrate upon the degree of photo—
degradation is always a question. But the rapid change in color of dyes
exposed to room light is certainly suggestive that such dyes will prob-
ably degrade rapidly when exposed to a xenon flashlamp .

Of particular interest to the user of laser dyes is whether an ex-
pensive “laser grade” dye is better than the standard commercial material .
Dyes 2—5 in Figures 5 and 7 indicate that the laser grade dyes 4 and 5 \ 

-

have much fewer impuri ties than do the regular commercial grade dyes 2
and 3. Similarly, the laser grade sample of 4—methyl umbelliferone
(Dye 9, Table 1) is found to be pure in contrast to the non—laser
grade Eastman Kodak material.
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SUMMARY

Three TLC solvent systems were developed in analyzing large numbers
of dyes wi th vastly different chemical structures , namely quinolones ,
coumarins , rhodam ines , carbazines , carbocyanines , oxazines, etc. These
comprised dyes exhibiting lasing wavelength ranging from 400—970 nm.
The method is easy, fast and reproducible. It provided a good qual ita-
tive analytical procedure for determining dye purity and also gave
information about the s tabili ty of dyes toward solvent , light , air , or
combina tion of any of these three factors. However , the method does
not offer detailed quantitative data. High pressure liquid chromato-
graphy (HPLC) would be an Ideal instrument for both qualitative and
quan titative results.

Whether trace impurities have very much to do with the lasing
characteristics of dyes is a very interesting problem which remains to
be investigated.

\

22

- . ‘ —---- - -5 ’  - ~~~~~~~~~~ -_~t- - ,,__ • • -  s - - - 2 —•



-- -~ - - - - - -- - 
-~~ - -

NW C TP 6 132

I N I t I A l .  D I S T R I B U T I ON

I 2 ) i  rvt ’t or ~~~ Navy 1,ah ~’r a t o r i L ’~
I ~ \,~va I ,\ i r Sv t ems ( ‘ommand

A I) i’O— l , ’.\ ( i i
A l  R — I )  lb ( E l
•\ I R— 102 1_ ’ ( _‘~~

A I R —  Y)~) ( I
•\ i ~~— s 4 ~~~:, ~~‘h s t e r  W h i t i n g  ( 1)
A l  R—0 ~~4 ( 1)
A. CI  i s t  a ( I )
A.  F). Kl e in (1)

fl . .J .  Mu~’ l 1 c i ’ ( 1)
,i ames  W i l l  i s  ( I )

I Ch i c f o t N , t v a  I ( )p cr at  ions  ( oP—0 ~ S2 F’4 )
S C h i e t  N , i v : i  I ~Lit cr I at

MA’I ’- 0 1  ( 1 )
M.-\ I’ -I ~ 1l’B ( 1 )
M A Y — f l  ~2 P~ ( 1)
M~VI’- (1 14 ~, M . S i e gmann ( I )
NSP— 0fll ( I I

~ N av a 1 I cc ir on  I ~‘s S~’s em-c Command
xi; t.i-:x- (04 , t a r  rv SLltnnev (1)

N a t h a n  B u t  Icr  ( 1 )  — -
Nava l  Sea ~v s t  ems Command

SEA—05R14 (1)
S E A — 62 R  (1)
SEA—6 543 11A ( 1 )  —

8 C h i e f  ot N a v a l  R e s e a r c h ,  A r l i n g t o n
ONR—420 (1)
ON R — 4 2 1  (1)
O N R — 4 2 7

Dr. L. Cooper (1)
Dr. .1. Dimmock (1)
Max Yoder (1)

ONR — 47 2 , Dr .  G. Neece (1)
Dr .  W . J .  Condell , Jr .  (1)
Dr. Robert M o r r i s  (1)

11 Naval Ocean Sy stems Center , Sa n Diego
Dr. M . Geller  ( 1)
Dr.  .1. M. Hood , Jr. (1)
Dr. R. J. Potter (1)

23

—-
-- ~~~~

—- --‘4--’ ~~~~~~~~~~~~~~~~~~~ - -• I . - ~ ___~ S — -.



—~~-- -~~~~~~~~~~~~~~~~~ --- --~~~~~~~~~
- - - - - - -  -~~~~~~

-- - - --
~~~ 

-
~~~
--

~~~~~
-

NWC TP 6132

D r .  E. .1. S c h im i t s c h e k  ( 1)
D r .  Donald S t i e r w a l t  (1)
Dr .  H .  W i e d e r  ( I )
LC dr .  C .  I . .  Wood (5)

.~ N a v a l  P o s t g r a d u at e  School , M onte rey
Dr .  C . C r i t t e n d e n  ( 1)
Dr .  , l . N e i g h b o u r s  ( 1)

32 Nava l  R e se a r ch  Labora to ry
Code 500() ( I )
( ‘ode 5200 (1)
Code 52 02 ( 1)
Code 5203 ( 1)
Code 5210 (1)
Cod e 5220 (10)
(‘ ode 5 231) ( 1)
Code 5250 ( 1)
Code 526 1) (1 )
Code 527( 1 (1) r
Code 5280 ( 1)

— Code 5290 (1)
Code 5530 , Dr. Ray Patton (1)
Code 6130 ( 1)
Code 6330 ( 1)
Code 6503 , Laser Technology Program

Dr.  John M acCal lum , ,J r .  ( 1)
Dr .  W .  R.  Sooy ( 1)

Code 6506 ( 1)
Code 6507 , D. .1. McLaughl in  (1)
Code 6530 (1)
D r .  Marv in  Hass ( 1)
W . R.  H u n t e r  ( 1)
Dr .  James Schulman  (1)

10 Naval  S u r f a c e  Weapons Cen t e r , Whi te  Oak
Dr .  1 . D i x o n  (1)
K. Enkenhus (1)
Dr.  R .  Greene ( 1)
Dr .  E. Leroy H a r r i s  (1)
Dr .  Lester  A.  Lee (1)
H .  R.  Riedl  ( 1)
Dr .  W. Scanlon ( 1)
Dr.  Leon H. Schindel  (1)
J .  Wise (1)
Technical  Library (1)

2 O f f i c e  of Naval Research Branch O f f i c e , Boston
Dr.  Fr ed QueUe (1)
Dr.  M. Whi t e  (1)

2 O f f i c e  of Naval Research Branch O f f i c e , Pasadena
Dr .  Robert  Behr-Inger (1)
Dr.  R. Marcus ( I )

- ~~ - ~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~ ~ 
-_______ 

‘~~



— ~~ - - - - - - - -~~~~~~~ - - -  - - 5’- --------- --~~

NWC TP 6132 H

2 Pacifi c Mis sile Fo~~t Center , Point Mugu
Code 5352 , Gary Cihhs (1)
Technical Lihrarv (1)

1 N a v y  H i g h  E n e r ~y.- l a ser  P r o g r a m  L ia i son  O f f i c e , A i r  Force Weapons
I , ab o r a i or ’1- , K i r t l a n d  A i r  Force Base (HELPLO , Dr. John Walsh)

2 Office Chii ’f of Research and Development
DARD—ARP—P , i)r. Watson (1)
DARD—MSA ( 1)

1 Arms’ Combat  Deve lopments  Command , A i r  Defense  Agency , Fort  Bliss
I Arm y Combat i)cvelopments Command , CBR Agency, For t McClel lan

(C DCCBR — MR , F. D. Po er )
1 A r m y  Combat  Deve lopments  Command , For t  Leavenworth (Combat Systems

Group, Co l. Mc Fal l)
4 A r m y  E l e c t r o n i cs  (‘ommand , Fort  Monmouth

A M SEL—CT—L— C , T. Ewan izky  (1)
A M S E L — T 1 - L J , L . Wandinger (1)
AMSEL—X1,—H , R. C. Buser (1)

— DRSEI,—TI .—ESG , f. AuCoin (1)
2 Army Mater ial Development and Readiness Command

AM CRD—TP , Dr. B. Zarwvn (1)
Paul  C h e r n o f f  ( 1)

3 Ar my M is s i le Research and Developmen t Command , Redstone  Arsenal
Dr.  Tom Barr  ( 1) - 

-

Dr. 3. P. Hallowes (1)
W a l t e r  Jennings ( 1)

1 Army Weapons Command , Rock Island Arsenal (SWE RR—R , J .  W. McGarvey) -
‘

3 Army B a l l i s t i c  Miss i le  Defense  Program O f f i c e , Ar l ing ton  (Alber t  J .
Bast , J r . )

3 Arm y B a l l i s t i c s  Research Labora tory , Aberdeen Proving Ground
Dr .  E . C. Alcarez ( I)
Frank Allen (1)
Dr. Rober t Eichelberger (1)

1 Ar my Res earch O f f i c e , Raleigh (Dr. H. Whitman)
3 Ballistic Missile Defense Advanced Technology Center , Huntsville

- - CRDABH—0 (1)
RDMH—M , Dr. Ben Shratter (1)
Forney Hoke (1)

3 Redstone Arsenal
ANSMI—RRE, Dr. J. Bennet (1)
AMSMI—QPA , G. Hutcheson (1)
HEL Program Off ice , Dr. B. Jennings (1)

2 Headquarters, U. S. Air Force
AF/RDPS , Col. Parsons (1)
INAKA , Lt. Col. W . M. Truesdell (1)

2 Air Force Systems Command
DLTW , Lt. Col. Anthony J. Chiota (1)
XRLW , Capt. E. H. Cobb (1)

1 Aeronautical Systems Division , Wright—Patterson Air Force Base
(XRF , Clifford Fawcett)

25 

- -



- 
-5’- -

~~~~

N~~ II’ hi

1 \ t~~~~~~~~~~~~ ’ -~~~ 0 “ ( I i  1 0.11 - ‘  - c - i  t i , h 1. t 1, ’o r at  o ~~~~ , i~ t t c~ i t  — P a t  t c t — o n  A i r  l’oi cc
!(,t - .o ~~~~~~~ ~~~~~ R.  . - . - . t ’ t t , , j t . )

1 A i r  i - c t .  ‘t.,- t ‘— ~~~i .‘p t t l s i c n  I . ..‘ t , I t  c l v , ~‘t  i g h t — l ’ , i t t t ’r ’ ;cn  A i r  }.~~i . t  Base
( C( ’ • . .-~,. i I or Moe’ (

2 . \ i i  ~-‘o r c t ’ \ v t o n i c - ; I i ~ .’i it ot’, • W r i  i t — P a t  t t ’ l - ’on .-\ i t ’  i~~
-
~~’ ba se

• ~~~~~~~ I c l i i . i ’ — c t i  I )
R R P — 2~ ‘-‘ . c t u - ~.’n , 3 : .  ~1

2 At  r l - c t . c  i i r~~’t  i C~~- Rc - . t - a t c t ~ l al’ . ’r , i t o r  l~’~ , l , iu r en t ’c C .  }lai t ~a ’om l t ~ Id
~o~ it ~ ~,ir t i i . ’. 1, 1)

I): . \ . Ka u ij u  (11
1 A t  l- . ’i  . e  l~ i~~t ~~t t i l t ’ . ‘t .-~~~t t .~ 1o~’, \ , W r i g h t — P a t  t e r s o i t  A i r  F o t . - e l(a~~ ’

( D r .  I t : i c - - t ~\ - I ) o rk o
1 A~ r (- ‘ i . . - u~~ I i .  c o t  ~

- t i t - n t  t i  t c  Rc-~t ’ , ir ch , Boi lin g A i r  For ce~ Base
(~~od. - ,‘ I • Dr. I . - k i  ,tv i t  ,~l

1 .\i r F o i s t -  k.~cL ’t P t  .‘ ; ‘ u i l  ‘ t o n  I , t l ’o x a t o r v  • Fd w at ’ds A i r Foi t - t h.t~.o

• 13 . . 13o t t t h c t ~~ ~
I A t  r Ft~~t s - .’ R . . - k t ’t l s ’~~ t i  1~-, t O O  . i h or a t  orv  , I .l~.’ , t r . 1 s  A t t F o r t ’.’ base

i a p t .  S. :a’’ p- ;ott 3
2 B o l l  i : i ~~ .\i F Ft’~ co b , i ’ ; t ’ ~.\l-’OSRfNF . M ix  Sword  I.’t.)
2 1 1 ’ ~ t r o u t  c ‘~ V I ~‘:~ - u D i v  j ~. i on  • I au ron  c~ - C . ll,iti ,c or: I- c Id

• ( •J p t  . a’~s’ - I - .1 l~~t I t  I
X R Y , Al! red H :~:iJ. ’ t - . ’r i  ( 1 )

Io t a ’  .‘a t O  11101 O0,\ I I ‘~ i t ’ll • 1%! 1 g l i t  — Pat t o t  — on .\ i r !‘ .~~! 1 0  h i ’ ,, ’
}M~~ \ (1~
i’’~u Y K  I l l

1 I . t u r t ’ nc . - t :  . l I ’ l ~~~~~ I’ j t ’ I d
• S .  A .  R. ’t ’’ - i  Id (1)
-
‘ U’- -~ I’ • John  Kt ’tuue d  v ~, I

R ,\I u& / l - ’ I’~ P , D r .  C . S i i : a .~ i . in  (1  ~
A i t ’ H-v . ’ I .  ‘~~‘a’n Con t e r • ~ i i  • 

~ ~~~~~ i t  Fe t ~
- t ’ - ‘ .‘

• ( h i n t  ~ r t ’h i l t  on i i
l- ’ t ’ , i : ~ 3. ~~~~~ i i )

I p t c t ’ a nd i~~-i i I.- Sv ’-itt ’im, fl . i n i  : a t  I O f l~ ~~~~~ ~~~~~~~~~~ ‘~ t ~~O I  I I ’ ~~t at i O n

(Al’l’ i i~ , X R T D ,  I t - Do t i a n  Dt ’M.i i  c (
F I gli t — i t  t o t  son ,\ i t ’  1-’.’ F o t ’ Base

,-\ F AI .  / D I I R  . D r .  Dcii Re~’no ld- ~ I. 1)
\ l - \ ; /DI1K . Di’ . 1. 5. P a r k s  ( l~
\ I - ’Ml ,’ I  I ’ l l , ‘‘i ’.. I I  i : , i h~’ t h  I’ , i r r . i u t s  ~ 1)

I A - u s l : t a u t  “ t ’ t’r e t , i t ’ v ot  l ) e t t ’n ’-~ .’ ( Sy s t e m ’ ;  .~u a l v s i - - . “ t  i , i t ’ c t c  ) t o ~’i . z m~~.
Ge r a l d  R .  N i c b . ’ l - ; )

2 l)i re.- t o ! ’  ot  H i  .‘n~ e R. ’- . ,’ , t t  .‘li ,us~ n.- t n.’.’t i

A ’~s i - . t a u t  Di tao tot - lM ~ 1)
SW , Ben . I’ k- ma I t ’ ( 1 )

1 Ot  I i . e  Un~1e r ~~~~~~ t o  I . u v  .‘ I 1).’ I o t t .. ’ 1 c i  K . - - - ’ , . 1  a nd 1 i c . - r t i c

l)r .  Ct ’o rgt ’ C ,i:nt ’t . t  ~ I )
1)r . 1,. Sumne v ~ I
D r .  L. t~t I nl’~’rg ~1)

5 Defense  Advanced Rese ’a r .’ li r ro  e ’c t s \ i-t. ’ i l . u . A t  I I  ngt • ~n •

DIrector , I •i se i  D t v i - ~ t on  ( 1 )  

~~~~—~~~~“— ------- ~~~~~~~~ ~~~~~~~~~~~~~~~~~~ — —‘—-“-- —



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I ~~~~~~~~~~~~~~~~~~ ~~

‘

NW( ’ I’i-’ 61. 5

Ma j . Ro!n- rt i , t: i I ; s ’ t i  ( 1)
Dr. R. R & ’ - : :io Id s  ( 1 )
D r .  M a r t  in  - t  j c k l t ’ , (1
Ma . lI ;i  r r v  ,~ itis or (I)

I A rm ~ L : : t  r d  and ) i s a r l n a m c n t  \Ct ’ !ic - ’,’ ( D r .  Ch a r le s  I l e nk i n )
12 De t ’t ’ns t ’ I ) o~- u m e n t a t  ion C t ’i t l e r
1 ) t ’ D i r t  r ;t ’j t t  o t  F: n€ ’r c - .- ( 1- j

. C.  Sc l iw i ’nk )
2 ,- \n: t ’ - - ~ R~’~~t ’ ; i r ch  I t o t e r

ii- 
- ~.o mu- t Ii liii 1 F i a T :  I 1)

Ro~~ - rt I.. ~-~c k. - i i , ~ i .’ (1)
5 ( : .~~IJ ,~ — d 5 ; . ~~u s - F l i - .~ht  ( ‘ t i t t e r

Lew j - - (,1 1jj 11 ( 1 )
D r .  I . .  I ) unk ~’ lm ,in ( 1)
D r .  H F i t ~’, mau r i c t ’  ( 2 )
D r .  Fred  P a u l  ( I )

1 ,~~~ ‘. 1 R e s t - , i r . - H 1 . - l i t  t ’r ( A i ’r o s p a i ’ t R e se ar c h  Eng inee r  , D r .  ,Jo hn W.
Dunn  i n~ , .1 r - ) p

2 A’.’ Cu I d~- -.~~.~ r c h  Cor p or ~i t  ion , [vo r et  t , MA ( D r .  C. P. M i liburn)
1 .\ 1 r~’s . a r c h  ~- !, 1 : : : l  t .i. - t o r i  ng Company , l , os Ange le s  , CA ( A .  Coh n

S t - i t a ’ 1 i t i ~~’) —

1 A n a I ’ - t  I c  S. ’r ’,’ i - .’s , In c . ,  F a l l s  C h u r ch , VA ( D r .  John Davis )
2 A pp l ied  P~~-:~-j c ~ , i ho r , i t o r ’ ; , ,JHU , Lau re l , MD

Dr .  R .  C. Coi ’o~~dos (1 )
I ) r .  ,- \ l b e r t  S t o n e  ( 1)

1 . \ t l a n t i c  Resea r ch  C o r p o r a t i o n , A l e xan d r i a , VA (P ropu l s ion  Div i s ion ,
R.  F. ‘tiogitind)

3 , \ : it c n o t  ic~i , A Division of North Am erican Rockwell C o r p o r a t i o n ,
An i : t r ’  in , (;.\

Pou t ’ I1A 1~~, T . ‘1’ . Kum ap: i i  ( I )
D r .  J ack  ) au : ~~j i t ’ r t  V ( 1)
D r .  Geor o~’ S ; t t  t o n  ( 1~

2 Bat te ll e H-mori .il Institute , Col umbus , OH
S T O I A C , Fred Ii 5 ’tzel (1)
R o b er t  E.  S c hw e r z e l  ( I )

2 Battelle Memorial Institute , Pacific Northwest Laboratory ,
Rich land , WA

DSB 3000 Area , Dr.  R .  S. Gordon (1)
M C I ’ . DEV . Department 23lF , R. W. Stewar t (1)

1 Boston University, Boston , MA (Dr. Guilford Jones)
1 Candela Corporation , Needham Heights , MA
4 Eastman Kodak , Kodak Research Laboratory , Rochester , NY

F. C. Webster (1)
Forres t  C. S t rome , J r .  ( 1)
K. H. Reynolds  ( 1)
B. B. Snavelv (1)

1 Elec tro—Optical Svstem,s, Pasadena , CA (Dr. Andrew Jensen)
1 Environmen tal Research Institute of Michigan , Ann Arbor , MI

(Dr .  G. Z issis )
1 Exci ton Chemical Company , Day ton , OH

27



I

NW I ’P ~ 1 I .’

1 -o n ’ I F I~~. - t i .  i ‘- ;p a i v , ~,- c i i - - . ’ 1- 1. ’ . t i  .niios I) i v  1 - ;  I o u , P i t  t s  I i t  151
“~~\ ( I ) . P. Ha i’ l l  l1i_ ~t L 1 1  • ~u O tF 1 ‘u - , 3

I - - t n t ’ : - t  1 1 l o o t  t i c  I - - ‘ :- , t t i ’ - , Mi ~s I I ~‘ ‘t c ~ V .,-h  i c 1. - i~ ‘ i t t  :‘ .- n t  •
l ’ l i t 1 i d t ’ I p L i ~ i , ( A  (~~I’ . i u t ’ L ) I V L S I I ’ l i , ..‘ . .1 . , i ’ ; t 3

1 C o n s - i  , i ~ i t  .‘h i o u  t o t  , I t  i u ’:i , S~~it ,i ! [ i t h , i r i , C.\ ( D r .  R.  H o l b r o o k  I

1 b e : .  i~~c’~ . l i t , ’ . , u t c - - .,’: 1, i rid , MD ( D i . K i l p i t  I-’ . Pt ~ ’ .,- k 5 - 13
I b o r o n  I t ’~ ’ , In.,’. • ~ ‘ o t t  oh - F t  or  • W ii F t  :icJ .‘ u l , liL (I ndust ria l Svt- u t et~~- ’

(. - - . i r  t :‘- t - n t  • P r~ • (o i ~, Sv s t  .,‘:n~ i . t ou[  .1 . .
1. -n, - - .- 11 , : po F~I t t ’ K~- - t a r  c i  i t  u t  or , B I ~‘..i:: i nc t  on , MN

I - t O t ’ - A t :  i ’ t I ‘ ‘ ~~‘ .i F’. , i I : I o t !- 1  1’ i t k , ( ‘A I A s r ’o- ’ pn o  pr o u 1- , S v s t t -:tn ’
D i ~ ~ 5 1011 , i i .  i , k  A . .\ 1.,’. i l, i v (

S I D i o t s ’ -. .-\ , i i t  t . - :‘p m - , C u lv. ’r C it y •
t is  h: i ; t O ~. I . - i  n t, I ‘

~

fl , H’ r i t . I, I i r k  ( I )
i~

- 
- :1 . F. - :  -

~ to I (

~‘ i O , -f l . ’ 1’ .- ~~~~ si  U t  (13
, 1 j’ t t _ . Fi, ,1a~~ t- I, , ~- P - ;’ it 125 1 i l l

I I I - ,t 1- s’~. -\ i r P t ~ , ‘nn , t n v  • Fu l 1 c r - t o n , C.\ (Dr . K i l l  i a n  V a t
I I n ’ :  i t  u : e I c i  i t t ’ I t s t ’ \ u t a I vs. -s , A r  1 i n~~t on • V .\ ( D r .  ;\1 v i n  Sc l t t i l  t i c r
-
‘ 1 . 1 1 s 0 I f l  t, . 1 O .  P s ’ i - , D l i , l t \ u I t C t . ’li , MA

Pr ’ . K . S. i . ’o~~~ - i  1
nt - . (I . P.  ~ i nn~ -~ ’ :i ~ I )
Dr - S. i ’d5 ’ 1 n r c  (1~::~ . ,i . 1- .,‘.- , t : : i i  ( 1~
Pt . R . K i lI st ui: (H

2 1 .‘ck ~:5 ’ 1’ .I M t  soil t o  and Sp~ls’ t’ I, onp i nv  • Sui -iu~’va Ic , i A
R . I h F - ’  c u d  4, 1

5 :; 1 1 - ‘c : ; t i t  I d. ’i’ 4, H
1 l o s  -\ I i t .  Sc t o F t  i t  0 i l - c  ~~,it  c i v  • l o s  .\ I amos  , NM ~Dt’ . M ar t  i n  P i t t  cIt~
I ‘- ‘ . D o : n : . ,- 11 Pon~ la s  A - — I  1 O I t . I I I t  1 , - s ( u ’tO [ . l i t v  , Hun t i n g t o n  Bea ch  , PA

( C .  1.. k i .  -. i :  t , Pt -p a r t  :ls ’n t  A k — S  ‘c l— P V , F O , M / S  ‘)3
I ‘[ P, ’nn c 1 1 Ps ’uc  i c -  o t p c : l t  i - n i , St  . l o u i s , MO ( D t .  P . P .  Amos

s - n t  2 2 O~
‘- I .  n t  - D I r l~~’t  t ~i ~~~~ F [0 t~~t t I on , l i cuv e  t’ , CO

5: ~- - , . , i :  t Ci- i~’in  4,
5.-c t t G i l t - s (1 ‘1

I M . i t P t ’ : : : i t  t c..1 S, ’ j t ’n c t ’s l-,.-rtlt w e st , I n . ’ . ,  Bt ’1le~’ue , WA
- - I , - i i t . - t , Pt ’ . . 1 . I .  ,lansston (13

D r .  Al ’ r , t : , : -T :  Be r t  i’~’ r p  (13
Pet or I i .  K c - u t - ( I)

1. Mi t r ..’ i o t p . ’r - i t  i on , Bed ~ol’ .l , MA ( A .  C.  t ’i’~~ it 3

I N ot. - E n g l an d  Nu t ’ l , ’. i r , P I l o t  l ) i v i s  i a n . Wcstwoed , MA
1 Northrop (‘t’rp or.it ion , No r ,iir Division , H aw t h o r n e , C:\ (Laser  S~’s teiits

Dt ’pa r t ment  • Dr . P.’ ra rd Has se r j  1,1113

2 Oak R i d g e  N . . !  ion a  I I ; i l ’o r , i t  .‘i’ v , Oak R i d ge , TN
D r .  i ’ . 1’ . u\r .lk,Is’.t ( 1’!
Rt’se,irctt ‘liter in Is I utorma t ion Cente r  ( I  ‘4

1 P h , io  c — K  I ‘o m p i nv  , N ew Dur  (t in , Nil (S . F. No I st er)
1 P!ivs it ’s I n t  t’rua t iona 1., Sui t  l eand ro , CA ( I t t  rector , App l i ed  Sci ence

Depar t m e n t , Dr. A lan F. Klein)

.15

- - .

~~~

- ‘ - - -

~~~~~~

- -



“~~ -,_‘ —‘i~~ —~w..-’ -‘ - ‘ ‘
~~
““

~
“‘‘ t ”  - ‘- -rflra ~~~~-~~~~-.,,, ~~~~~~~ —‘n ~ nra.~-ta -a.- ,1u~~~~~

2 R&D Associates , I n c . ,  Ma rina del Rey , CA
Dr .  R. Hund ley (1)
Dr.  R. E. LeLevier (1)

1 Radio Co rpo ra t ion  of Amer ica , Moo restown , NJ (S ystems Projects ,
J. J. Mayman)

1 Raytheon Company , Waltham , MA (R esear ch Division , Dr. Frank A.
Horri gan)

3 Riverside Research I n s t i t u t e , New Yo rk , NY
Dr.  John Bose (1)
Dr. L . H. O’Neill (1)
Helen Cressman , HPEG L Lib rary (1)

2 SRI I n t e r na t iona l , Menlo Park , CA
Dr. H. E. Lindberg ( 1)
J. E. Malick ( 1)

1 TROSCOM , Na t i ck  ~abo ratories , Na t i c k , MA
1 TRW , In c . ,  Redo ndo Beach , CA (No rman Campbell)
2 The Boeing Compa ny , Seat t le , WA (Dr.  E. K. Bjornerud )
1 The Rand Corporation , Santa Monica , CA (Dr. Claude R . Culp/S . A.

Carter)
1 Th ioko l Ch emica l Corpo rat ion , Wasatch Division , Brigham City , UT

(J. M . Mason)
2 United Ai rc ra f t  Corporation , East Hart ford , CT

• Albert Angelbeck (1)
G. H. McLaf f er ty ( 1)

3 United A i r c r a f t  Corporation , West Palm Beach , FL
Dr. R . A. Schmidtke (1)
Ed Pinsley (1)

4 Universi ty of Arizona , Optical Scien ces Center , Tucson , AZ
C. L. Blenman (1)
Dr. B. 0. Seraphin (1)
Dr .  Francis Turner (1)
Dr.  Will iam L. Wolfe (1)

2 University of Cahifronia , Lawrence Radiation Laboratory , Livermore ,
CA

Dr. P. Hammond (1)
Dr. M. Spaeth (1)

1 University of New Mexico , Albuquerque , NM (Department of Chemistry ,
Dr. G. H. Daub)

1 VARIAN Associa tes, San Carlos , CA (ELMAC Division , Jack Quinn)
1 Vought Corporation , Systems Division , Dallas , TX (F. G. Simpson)
3 Westinghouse Defense and Space Center , Baltimore , MD (R. A. Lee)
1 Westinghouse Electric Corporation , Research and Development

Laboratories , Pittsburgh , PA (E. P. Riedel)

___ _ _ _  _ _ _ _ _ _  ~~~~~~ —~
.
~~~~~~~~

-‘


