
Mow t o  Estimate the So lub i l  Sty o f  an Insoluble Compound - 
1,3,5-Triarnin0-2,4~6-Trf n i  trabenzene ["TTB) 

Walter Sel i g  

A p r i l  1977 

This paper was prepared f o r  presentat ion a t  the  8 th  Prope l lant  Character iza t ion 
Working Group Meeting a t  the  USAF Academy, Colorado Springs, CO, June 7-9, 1977. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



HOW TO ESTIMATE THE SOLUBILITY OF AN INSOLUBLE COMPOUND - 
1,3,5-TRIAMINO-2,4,6-TRINITROBENZENE (TATB) 

Walter S e l i g  

Lawrence Livermore Laboratory . . 

P. 0.  Box 808 
Livermore, C a l i f o r n i a  94550 . . 

ABSTRACT 

A simple method f o r  e s t i m a t i n g  t h e  s o l u b i l i t y  of TATB , i n  v a r i o u s  s o l -  
; *- ven t s  i s  presented .  We cons ide r  it u n l i k e l y  t h a t  a  so lven t  w i l l  be  found 

* . -  i n  which TATB i s  more s o l u b l e  t h a n  0.1% (w/v).  Except ions a r e  t h e  so-ca l led  -r 
superac ids  i n  which t h e  s o l u b i l i t y  of TATB exceeds 20% (w/v) .  

INTRODUCTION 

The s o l u b i l i t y  c h a r a c t e r i s t i c s  of TATB a r e  of  i n t e r e s t  t o  t h i s  
Laboratory as w e l l  as t o  o t h e r s  i n  t h e  ERDA complex. Cady and Larsson ( 1 )  
determined t h e  c r y s t a l  s t r u c t u r e  of  TATB. They s t a t e d  t h a t  evidence f o r  

. t h e  s t r o n g  in t e rmolecu la r  i n t e r a c t i o n  i n  TATB (hydrogen-bonding) i s  i n d i -  
ca t ed  by t h e  l a c k  of  an observable  me l t i ng  p o i n t  and t h e  low s o l u b i l i t y  i n  
a l l  s o l v e n t s  except  concent ra ted  s u l f u r i c  a c i d .  Johnson ( 2 )  a l s o  s t a t e d  
t h a t  any l i k e l y  so lven t  f o r  TATB must be capable  of hydrogen-bonding. We 
have p rev ious ly  r e p o r t e d  t h e  s o l u b i l i t y  of  TATB i n  va r ious  s u l f u r i c  
ac id :water  mixtures .  , ( 3 )  

We have now examined t h e  so lven t  power of  a wide v a r i e t y  of s o l v e n t s  
f o r  TATB. Because most s o l v e n t s  d i s s o l v e  only  a very  small. amount of TATB, 
convent ional  procedures  f o r  determining t h e  s o l u b i l i t y  of TATB would in-  
volve c a r e f u l  weighing, of microamounts of t h i s  m a t e r i a l ,  a f t e r  removal 
of t h e  so lven t .  We have, t h e r e f o r e ,  developed a simple,method f o r  e s t i -  
mating t h e  s o l u b i l i t y  of TATB i n  any so lven t .  

Equipment and M ? t , ~ r i  n.1 s. Reclanan Model DK-?A . Radio Recording 
Spectrophotometer;  TATB, Lot B-377, m ~ n u f a c t u r e d  by Cordova Chemical Co., 
~ i m b u s  ,- CA. This  i s  a '  r e p r e s e n t a t i v e  product ion  l o t  con ta in ing  0.43% tnt.a.1 
c 'h lor ide  and 0.36% i o n i c  c h l o r i d e ;  So lven t s ;  h ighes t  p u r i t y  a v a i l a b l e  from 
commercial s o u r c e s , . u s e d  a s  r ece ived .  

Procedure. P l ace  s e v e r a l m g  of TATB (no  weighing is  r e q u i r e d )  i n t o  a 
s m a l l  vo lumetr ic  f l a s k  (25 o r  10-ml c a p a c i t y ) .  Add t h e  so lven t  t o  be  '' examined t o  t h e  mark. P l ace  t h e  f l a s k  i n t o  an u l t r a s o n i c  b a t h  a t  ambient 
temperature (no t  t o  exceed 30°c) f o r  about.. 5 min. T,et t h e  f l a s k  s t and  a t  
ambient tempera ture  u n t i l  t h e  undisso lved  TATB has  s e t t l e d  out  and t h e  
s o l u t i o n  i s  t r a n s p a r e n t ,  f o r  a minimum of 2 d,ays. Measure t h e  absorbance 
of  t h e  s o l u t i o n  i n  a 1 cm cel.1 v s  a  so lven t  blank.  I f  t h e  absorbance 
exceeds 1, d i l u t e  as r equ i r ed .  



Calculat ions.  The approximate s o l u b i l i t y  of TATB i s  given By 

s o l u b i l i t y  (ppm) = A (10.33) ( d i l u t i o n  f a c t o r )  

where A i s  t h e  absorbance of t h e  so lu t ion  examined vs.  t h e  pure so lven t ,  
and t h e  d i l u t i o n  f a c t o r  i s  u n i t y  where no d i l u t i o n  i s  requi red .  

RESULTS AND DISCUSSION 

Our method f o r  es t imat ing  t h e  s o l u b i l i t y  of TATB i n  var ious  so lven t s  . . i s  based on t h e  following assumptions: 
( 1 )  The molar absorbance, E ,  of TATB i n  any solvent  approximates i t s  

@I molar absorbance i n  concentrated s u l f u r i c  a c i d ,  approximately 
6 4' 25000 ( 4 )  near  330 run. 

(2) The d e n s i t y  of t h e  so lvent  i s  reasonably c l o s e  t o  u n i t y .  
(3)  The so lu t ion  t o  be measures i s  sa tu ra ted .  

Calcula t ions  a r e  based on E = A / C ,  where A i s  t h e  absorbance and C 
. . 

t h e  concentra t ion  i n  moles/ l  f o r  1 cm path-length. By t ransposing 

A 
~ ( m o l e s / l )  = - = 

A 
- = ~ ( 4  x and 

E 2.5 x 10 

2 
C i n  g / l  = A ( ~ x  1 0 - ~ ) ( 2 . 5 8 x  l o 2 )  where 2 . 5 8 ~  10  i s  t h e  

molecular weight of TATB, and f i n a l l y  

C i n p p m  = A ( 4 ~ 1 0 - ~ ) ( 2 . 5 8 ~  l o 2 ) ( l o 3 )  = ~ ( 1 0 . 3 3 ) .  

For so lu t ions  which have absorbances exceeding u n i t y  t h e  proper d i l u t i o n s  
must be made, and t h e  proper d i l u t i o n  f a c t o r  introduced i n  t h e  above 
equation. 

The absorption spectrum of TATB i n  DMSO is .shown i n  Figure 1. This 
spectrum i s  very s imi la r  t o  t h a t  shown f o r  TATB i n  s u l f u r i c  ac id  by Ungnade 
possessing two maxima, a t  272 nm a.nd at. 324 nm. ( 4 )  Table I l i ~ t ~  t h c  
est imated s o l u b i l i t y  of TATB i n  a v a r i e t y  of  so lven t s ,  based on t h e  ab- 
sorbance maximum i n  t h e  region of 320-355 nm. The s p e c t r a  a r e  q u i t e  
s i m i l a r  t o  t h a t  i n  s u l f u r i c  ac id .  Solvents  a r e  l i s t e d  i n  t h e  order  of 
decreasing solvent  power f o r  TATB. 

Table I1 l i s t s  t h e  absorbance maxima, Am,, of TATB i n  var ious  solvents .  
Some of t h e  so lvents  absorb s t rong ly  near  280 nm and, t h e r e f o r e ,  t h e  
so lu t ions  have only one maximum, near  350 nm. 

a 

9. Of t h e  solvents  l i s t e d  i n  Table I1 ethylenediamine, te t ramethyl -  
guanidine, tetramethylglycinamide, and tetrabutylammonium hydroxide 

I; ( B U ~ N O H )  i n  methanol a r e  s t rong ly  bas ic .  I n  comparison t o  t h e  nther 
s o l u t i o n s ,  anomalous TATB spec t ra  a r e  observed i n  t h e s e  b a s i c  so lvents .  

NOTICE 

The "normal" peaks occur near 270 nm and between 310 and 360 nm. It i s  
poss ib le  t h a t  t h e s e  solvents  cause p a r t i a l  hydrolys is  of t h e  amino groups 
of  TATB and/or a t t a c k  on t h e  n i t r o  groups. The s o l u b i l i t y  of TATB i n  t h e s e  
bases i s  l i s t e d  i n  'Fable 111, with t h e  assumption t h a t  no hydrolys is  i s  
t a k i n g  place.  

\ 



. . 
I n  tetramethylglycinamide t h e  peak at 345 nm decreases with time 

' w h i l e  a shoulder develops i n t o  a p e a k n e a r  400 nm. This l a t t e r  Am, may 
,be due t o  OH. , Simi la r ly ,  t h e  peak a t  408-41.0 nm i n  ethylenediamine and 
t h e  peak near 427 nm in . t e t rane thy lguan id ine  may be caused by OH. I n  
Bu4NOH/methanolthe i n i t i a l ' b r o a d  maximum near 406-12 nm soon disappears ,  
and the. 'peak a t  357 'nm s h i f t s  t o  365 nm with time. The absorbance i n  t h i s  
l a t t e r  region increases  f o r  about 16 days and then slowly decreases.  

An attempt w a s  made t o  d issolve  TATB i n  d imethylsul fa te .  This 
m a t e r i a l  i s  a s t rong  methylating agent ,  t h u s  poss ib ly  a t t ack ing  t h e  amino 

a groups of TATB. A sa tu ra ted  so lu t ion  gradually.  turned darker ,  i n d i c a t i n g  
a continuing reac t ion .  No use fu l  spec t ra  were obtained. 

4 

1.4 t T r i f l u r o a c e t i c  a c i d  was t h e  only solvent  i n  which Am, a t  287-9 was 
l a r g e r  than t h e  Am, i n  t h e  v i s i b l e  spectrum, a t  352 nm. 

.Concentrated s u l f u r i c  a c i d ' d i s s o l v e s  >24% (w/v) of TATB a t  ambient 
temperature. The superacids l i s t e d  i n  Table 4 a l s o  d i s so lve  >20% (w/v) of 
TATB. We must s t r e s s  t h a t  these  ac ids  a r e  highly corros ive  and hygroscopic, 
r eac t ing  v i o l e n t l y  with water. We.used an u l t r a s o n i c  bath t o  expedite t h e  
d i s so lu t ion  of TATR. The volumetric f l a s k s  containing TATB i n  t h e s e  super- 
ac ids  should not be t i g h t l y  stoppered because even a t  ambient temperature 
a slow reac t ion  may occur generat ing s u f f i c i e n t  pressure  t o  s h a t t e r  t h e  
f l a s k s .  These superacids have t h e  formula XS03H where 

X = OH, CF3, F ,  o r  C 1  

which a l l  a r e  s t rong ly  e lec t ronegat ive  groups. If X = CH o r  C2H a s  i n  3 methane- and ethanesulfonic ac ids  t h e  s o l u b i l i t y  of TATB i s  consi  3 erab ly  
1 e s s . k  seen i n  Table I. TATB i n  t h e  superacids and i n  o ther  compounds 
containing t h e  XS03H group has a Am, between 315 and 335 nm. I n  a l l  o ther  
solvents  t h i s  Am, occurs near 350 nrn. 

The precursor of TATB, 1,3,5-trichloro-2,4,6-trinitrobenzene, and t h e  
poss ib le  impur i t i e s  a r i s i n g  i n  TATB manufacture, 1 ,3 ,5- t r icbloro-  
2,4-dinitrobenzene (T-3).and 1,3,5,6-tetrachloro-2,b-dinitrobenzene (T-4) 
do not have absorption maxima i n  t h e  region of 320-360 nm i n  DMSO. 

We do not be l i eve  t h a t  any solvents  w i l l  be found t o  bridge t h e  
tremendous gap between %820 ppm ( f o r  methanesulfonic a c i d )  and 
a200,OOO ppm ( f o r  t h e  superacids) .  However, we hope t h a t  t h i s  paper w i l l  
s t imula te  .some thought and evoke ideas  on poss ib le  a d d i t i o n a l  so lvents .  
The procedure ou t l ined  above w i l l  f a c i l i t a t e .  a quick es t imate  of t h e  

+ s o l u b i l i t y  of TATB i n  such "new" solvents .  

$j, 

i d  
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b v e l e h t h ,  nm' 

Figure 1 .  Absorption spectrum .o f  TATB ' i n  DMSO 
(saturated so lu t ion)  



Table I. Estimated solubility of TATB in Various Solvents 

Solvent Solubility, ppm 

Methanesulfonic acid 820 
Hexamethylphosphortriamide 150 
Ethanesulfonic acid 120 
DMSO 7'0 

f 1  Hexafluoroacetone sesquihydrate 68 
N-methyl-2-pyrrolidinone 58 
N ,N-dimethylacetamide 33 

<-a DMF 27 
Tetramethylurea 2 6 
Dimethyl methylphosphonate 2 2 
N,N-dimethylpropionamide 16 
y-butyrolacetone , bis (dime~;t~ylm~ino)~haspl~ochlorida-t;e , 
conc. nitric acid 14 

3-methylsulfolane 13 
Pyr idine 12 
Trimethylphosphate 11 
Dimethylcyanamide, vinyl sulfone 8 
Methyl dichlorophosphate 7 
N-methylformamide,tetrahydrofuran (uninhibited) 6 
Methyl methanesulfonate 5 
Trimethylphosphit e 4 
Acetone, dimethyl carbamoyl chloride 3 
Acetonitrile, acetic anhydride, trifluoroacetic aci: 2 
Acetic acid 1 
Hexamethyldisilazane, trifluoroacetic anhydride, 
hexafluorobenzene, pentafluoropyridine, 
perfluoro-2-butyltetrahydrofuran, water, methanol C 1 



Table 11. Absorbance Maxima for TATB in Various Solvents 

. Solvent . . 'Amax w '=ax near-w ' 

. . 

conc. sulfuric acid 272 324 
chlorosulfonic acid 335 
ethylenediamine 408-10 
methanesulfonic acid 315-7 

c tetramethylguanidine 356, 427 
BubNOH, 25% in methanol 357, 406-12 
hexamethylphosphortriamide 270-2 350 
ethanesulfonic acid. 'J 320 
DMSO 272-4 ., 356 
hexafluoroacetone sesquihydrate 266-8 353 
N,N,N1 ,N1-tetramethylglycinamide 345 
N-methyl-2-pyrrolidinone 266-8 355 
N ,N-dimethylacetamide 353 
DMF 268-70 353-4 
tetramethylairea 269-70 353 
dimethyl methylphosphonate 268-70 352-3 
N,N-dimethylpropionamide 353 
y-butyrolacetone 268-70 3 53 
bis(dimethy1amino )phosphochloridat e 269-70 352 
conc. nitric acid 360-3 
3-methylsulfolane. 354 
pyridine 356 
trimethylpho,sphat e ' ' 268-70 352-3 . 
dimethylcyananide 353 
vinyl sulfone 355 
methyl dichlorophosphate 322 . 
N-methylformamide 353 
tetrahydrofuran 264-7 344 
me Lh~yl iilethanesulfonate 266-8 353 
trimethyl phosphit,e 270 ' . 348 
acetone 348-50 
dj.methy1, ca.rha.moyl ~ h l . ~ r i  de  . , 352 
acetonitrile . . 268-70 ., 352 
acetic anhydride 351-2 . 
trifluoroacetic acid 287-9 352 
acetic acid ~ 2 6 0  349-51 



Table 111. Apparent Solubility .of TATB in Basic Solvents 

Solvent Solubility, ppm 

2195 ethylenediamine 

tetramethylguanidine 

Bu4NOH, '25% in methanol 

N,N,Nt,N'-tetramethylglycinamide 

Table IV. super Solvents for TATB 

(sokubil'ity >20% (w/v) 

concentrated sulfuric acid 

chlorosulfonic acid 

fluorosulfonic acid ' 

trifluoromethanesulfonic acid 
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