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ExEcu-rIvE SUMMARY

This report summarizes work conducted under an extension of

the title contract to examine the feasibility of app lying High Performance

Liquid Chromatographic (HPLC) techni ques to the low leve l determination

of tetry l and the six isomeric dinitroto luenes (2,3— , 2,4- , 2,5- , 2,6- ,

3,4- and 3,5-DNT). A method suitable for the determination of tetry l in

the presence of lIME, RDX and TNT is descr ibed . Also , a separation of

the five of the six DNT isomers is described and evidence is presented

which suggests that with proper control of column efficiency and

select ivity a comp lete separation of all six of these isomers may be

accomp lished ...~ -

• I —  - .
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F I N A L  REPORT

on

TI lE DE r ERM I NAT T ON OF I’ETRYL
AND 2 ,3— , 2,4- , 2,5— , 2,6- , 3,4- ,

AND 3 , 5- D I N I I ’ R O r O L U E N E  USING
HIGH PERFORMANCE LIQUID CIIRO MA T OR CRA P HY

t o

U . S .  ARMY
MEDICAL RESEARC h AND DEVELOPMENT COMMAND

f rom

BA tTELLE
Co lum l )u s  L ab o r a tor i e s

J a n u a r y  31. , 1977

IN TROI ) I I C  t IO N

As a part of the  work c o n d u c t e d  under  C o n t r a c t  No . D A M D - 1 7 - 7 !4-

C- ’4123 , a m e t h o d o l o g y  based on h i g h - p e r f o r m a n c e  li q u i d  ch r o m a t o gr a p h i c

(IIPLC) techni ques was developed suitable for detecting as iow as 50 pp h

of HMX , RDX , and ~NT in water. The development and app lications ot  t h i s

method are described in a s u m m a ry  r e p or t  f o r  t he  s u b j e c t  c o n t r a c t  e n t i t l e d :

“hlolston Army Ammunition Plant (IJAAP) Pi 1~~t Plant Bioassay: Chemical

Anal ysis of Selected Water Samples ” submitted to t h e  1.1 . 5 . Arms ’ M e d i c a l

Research and Development Command h~’ Bat tel lo ’ s Co l u m b u s  L a b o r a t o r i e s ,

August 26, 1976. As this method proved to be rather nIh que i n  terms of

its sensitivit y , select iv  i t v , and ease  c i  o p e r a t i o n , it won Id he of

in t e r e  ~r to e x t e n d  its app i i c a t i on i i i  r m i n i t  lone analvs is.



- x j ’ t ’ r i n i e n t a l

A l l  ana  l v s e s  Were  c on d u c t e d  u s in g  25 cm x 4 .  L cm x I !4 in.

p a r t  i i i  l O — O D S  c o l u m n s .  A V an  3( 1 b , M ( )  gr a d i e n t  E l u t  ion h igh  Pe r fo rmance

Li qu id  C h r om a t o g r a p h y  - \  s t em  w a s  used cons i s t in g  of (wit solvent del iverv

pumps  and a s o l v e n t  p r i g r a i m n e r  . By I ii h o g  one of  t h e  p t imp ~ wi th  40

pe rcen t  Ch 3
0h1 / U 10 and t i l e  o t h e r  p ump w i t h  41) percent CII

3
CN /H

2
0, all

t e r n a r y  m o b i l e  phase coinpos it i o n s  b e t we e n  40 percent CF1
1
CN/II~0 and 40

p er c e n t  CU 3011/ 11 2
() may be ob t a i  ned by  p roper  s e l e c t i o n  of  t h e  s o l v e n t

p rog rammer cent  ro Is ( i .  e. , a mo b i l  0 ~ h i3  SC composed  of  20 pe r ce n t

C113
011 / 2 1) p e r c en t  Cll 3

t~~j’ hI )  pe r ce n t 1 ,0 won I d re su i t  N v  pump i n g  ~0 pe rce n t

f rom Pump A ~iit I 0) p e r c e n t  f r o m  PII I I Ip  B ’) . A l l  r u n s  were performed

i s o c ra t i c a l  lv , w i t h  &I V i t t ’ c t i o n  - I t  ‘ 3)) nm u s i n g  a dti  Pon t  83 7  v a r iab !e

wave l e n g t h  t iv  d e te c t o r .  A l  I so I v i n t  s u sed Il l t t i  s s t t i d v  were d 1st tiled—

i n — g l a s s  g r a de  oh t a m e d  f r om hlt i  r d ic k and •Tackson , Mu ske gati , > 11 ch i gao .

Ri Sn i t s  and  1)1 SC IS SI on

An i n i t i a l  ex a m i n a t  lol l  01 fl m i x t u r e  of  t i l e  s ix  i som e r i c  I)NTs

~unil l’NT unde r t h e  ana lv t ica I coi i d  i t  i oil s emp I i’~’ed in t he  UAA [’ st udv and

u i  ng a 50 percent M OU / h1 90 mob i Ic  p hi : i se  r ev e a  led t h a t  a I t h o u g h iN I’ was

wel l separated , t h e  I ) N i s  e l u t c ’ d  as a ‘ ‘ ‘ r l ~ ’ r e s o l v e d  g r o u p .  Su b s e q u e n t

e x a n h i n , I t  i on  W i t  ii a 40 p e r c e n t  i n o t h i a n o l ‘wa t  or  m ’ h l  h e  p hase  s t i l l  d i d  not

a c h i e v e  au a t l e q i t a  I • o - p . i I  - I t  i ’ l l  o t  t h o s t  i n d i v i d u a l  c o m p o u n d s .  fh e s c

re s ti  Its i rid I ca ted t h i .  t t  11 ‘we r p e r c en t  • I go s ~ f m et  han 1 ’ 1 n a t  or mob i le p it a sos

w o u l d  merel y extend anal vs is time wit h o t i t  a Ifec t t u g  an a d e q u a t e  s ep a r at  i ’r i

of these isomers.

Acet c ’ni t ril e }) ,() m~ x t u I r i ’s 1,1 10 a l s o  exam i ned as ni ob i  i t  phases.

A reversal o I so Ee c t lv i i v W35 oh s~ r\ ’ i t I  ( 5 0 1 ’ Fl  gui i 1 w h e n  a ‘40 no 1- cc i t t

ace t e n i t  r i  t o / w a r  e r  m o b i l , ’ p h u i s e  was  u n t i l , . t s  t h e  r e l a t  ly e  l e t  c ut  i ‘n

v a l u es  ‘ 1 lNh ’  and t ho e N i n  wor e r e v er  n o d  as c o m par e d  w i t h  h e i r  o r d e r

of e I ut  io n  W I t  I m e t  h a n o i  wa t t ’ i ~ . (N now e I i t  ed a f t  or  t h e  )~ l’s. h ow e v er ,

;IIII_..~. - 
- - 
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t It e  h a t  t c r  wore  resolved i n t o  two g r o u p s  and the  d e s i r e d  i n d i v i d u a l

s e p a r a t ion  of  Lh e se  i somers  was no t  a c h i e v e d . A gain , lowe r p e r c e n t a g es

of a c et on i t r i l e  i n  w a t e r  m e r e l y r e s u l t e d  in an ex t en d e d  a n a l y s i s  t ime ,

without effect ing individual isomer separation .

A m e a s u r e  o f  t he  s e p a r a t i n g  e f f i c i e n c y  of a chromatograp hic

s y s t e m  is giv e n  b y the  nulnt ) er  of e f f e c t i v e  t h e o r e t i c a l  p l a t e s  d e f i n e d  as

/ t t \  2
( R oN

f f  
l h ~~ w

Where  W the b a ndw i t h  a t  b a s e l i n e  fo r  a s e l e c t e d  peak .

In an e f f o r t  to increase N {f for  our chrorna tograp hic  system and

hence , the separation efficienc y , t h e  co lumn  l e n g t h  was inc reased  to 50 cm ,

t h e  flow rate reduced to 60 m l1hr , and dead vo lume  in the system was

reduced to minimize peak broadening. i’hese modifications increase the

analysis t ime ; however , t h e resultant effect on N f f  is shown in Table I.

TABLE 1. OPT tMIZATION OF N0{f , BASED ON TNT PEAK
O BTA I N E ) )  WI 1~l I ‘t0 ~ C hh 3Oil / 60 , . 119 0 MOBILE PHASE

N
el f

o n e  p C 18 c o l u m n ; f l o w  r a t e , 100 mI/hr 4940

L’wo(l C 18 c ol u mn s , flow rate , 100 ni l/br; reduced dead volume N704

I’wo ~ C18 
columns; flow rate , 60 ml ‘h r  reduced  dead v o l u m e  7885

l’his opt imi zat ion of ci fir iv r l c v  f or  our c h r o m a t o g r a ph i c  sy s t e m

g ave  little improvement in I he’ sep ar ; i t  i ott  of  t h e DNTs using a 40 percent

ac e t o n i  r r i l e / h ) )  pe r c e n t  w a t e r  nt~ ’ - i i i ’  p hase . Iloweve r , an almost comp let e

res o l u i t  ion of  each I)N l’ set t ler  was  ~ ) ‘ t a I ned w i t h  40 p e r c e n t  me t h t a n o l  /6 0

pe rcen t w a t e r  ( see F i g u r e  1) - l , ’w , ’v e r , 2 , ’t -  and 3 , ‘u - l ) N ( are  not  r e n o l v e d

and the  ,ii-t a I vs 1 s time was i n c r ’  a no d t o I hon r 15 ml on te s U 51 ng a 60 ml i t o n  i

f l ow , and to  t iniest !4 i~r h u t  I t ’S  W I t hu a 100 n i l  I t o ’  i r t 1 ‘n’ rate

H



5

hecause acetonitrile had deomonstrated this rather unusual

selectivity for the DNTs and I’NT, it was antici pated that a ternary

mobile phase composed of me thtanol , acetonitrile , and water might achieve

the selectivity necessary for separation of the DNT isomers within a much

shorter ana lysis t ime . Retention data were obtained for eachl of the DNT

isomers and (Ni in severa l  m i x t u r es  of  m e t h a n o l , ace t o n itr i l e , and water

and are presented in Table 2. The retention data given in Table 2

describes these results in terms of t h e  net  r e t e n t i o n  p a r a m e t e r  k ’ ,
where :

t — t  U

k ’  = 
R o

0

w i t h  t
R 

= r e t e n t i o n  t ime of each compound

t = nonsorbed time.
0

Th us , k’ is a dimensionless measure of the retention characteristi cs of a

compound regardless of mobile phase flow rate or column length .

By examining the dependence of k’ for each DNr isomer as a function

of mobile phase composition , one may determine the optimum mobile phase

composition for the best possible separation of these materials. A p lot

of k’ versus mobile phase composition for each DNT isomer and TNT is

shown in F i gure 2.

For a Ne f f  of 8000 plates , a difference ot 5 percent or

greater in k’ values is required to achieve generally acceptable resolutions

(R
5 

1) of two closely eluting components. From the data in Figure

it appears that such a separation for the DNT isomers may he possible

within the range 10/30 to 5/35 percent CH
3
CN/C i-I

3
Oil. The chromatogram

obtained with a 5 percent CH
3
CN/35 percent CII

3
OII moh i le phase (see Figure lc’)

shows significant broadening of tile peak containing 2,4- and 3 , 4 -PN I’ as

com pared w i t h  t ile 40 percent C11
3
0i! chiromatogram , hu t  2,5- and 2, h- h)NT a re

now un r e s o l v e d . It  may be p o s s ib l e  t o  accomp l i s h  t h e  r e q u i r e d  r e s o l u t i o n

using a lower total percentage of organic solvent in water ( i . e . ,  5 percent

CH
3
CN’25 percent CII

3
OFI/70 percent 11 20), or with an increased N

11
.

--- -

~

- - --

~

_ _ _ _ _
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FABLE 2.  k ’  VALUE S OF SELECTED MUNITIONS
USING SEVERAL DIFFERENT MOBILE PHASES

507,, MeO lh / H 20 407,, MeO II / H 20 407. CH 3CN ’H 20

2 , 3-D i n i t r o t olu e n e  6 . 6 3  11.56 5 .94

2 , 4 -D i n i t r o t o l u e n e  6.00 9 . 7 9  5 . 5 5

2,5-Dinitrotoluene 5.44 8 .32 6.41

2,6-Dinitrotoluene 5.50 8.78 6.51

3,4-Dinitrotoluene 5.63 9 .58 6 .40

3-5-Dinitrotoluene 6.38 10.39 6.44

2,4,6-Trinitrotoluene 3.22 6.50 6.97

t et r y l  2 .78 6 .11 7 . 3 7  

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
.— -

~~~~
—--

~~~~~
-
~~~~~~ -~~~-
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l I , ’wt ’ve r , t t i i ’  u p i d  n e p - u r ; u t  i o n  ~f O N I  and  t I re  s i x  m o n t e - n c )Nl’ s n t - t i l l s  b e s t

ae -c tamp 1 i s h r t ’ d  t l n i n g  41) u t n - t n t  itt e t h a t i u u i / u d )  p~ r c e n t  w a t e r  w i t  i t  N =

)O ’ ,’t - V t r , i f  a d i i  e r m i n e  j on  of a l l  s i x  i s o m e r s  i s  not  s ’t t ~~h i t ,

b y  p roper  s e l e c t i o n  of m o b i l e  p hase  c o m p o s i t i o n , ~ s r u t i s f a c t o r v  s e p a r a t i o n

o f the  i s o m e r s  of  i n t e r e s t  m a y  be p n s s i h l e .  A ~‘erv rap i d  p r e l i m i n a ry

s e p a r a t i o n  o t  t he se  m a t e r i a l s  i s  a c h i e v e d  w i t h  a 25 cm co lumn , a 40 percent

r i c e t o n i t r i l e /  60 pe rce n t water mobile phase , and a flow r a t e  of  100 mI/br.

E n d er  t h es~’ co n d i t i o n s , (NT is w e l l  s e p a r a t e d  and t he  s i x  i som e r i c  t ) N F s

a re r e s o l v e d  i n t o  two g r o i p s  in abou t  12 m i n u t e s .  iNc f i r s t  of  t hese

gr e r i p s  e l u t e s  w i t h  a t 1, = 0 , 7 m i n u t e s  and c o n t a i n s  2 , 3 —  and 2 , 4 — D N F The

se cond f r a c t i o n  ~ l t i t e s  wi t h u  a B 
10 . 3 m i n u t e s  and  c o n t a i n s  2 , 5- , 2 , 6— ,

1 , ~~
— and 3 , 5- eN 1’ . \ l  t h o u g h  t h e  m a x i m u m  resolnit i “a of each DN i isomer

is n o t  o b t a i n e d , t hese r e n u l t s  a c h i ev e  a p r e l i m i n a ry  s e par a t  ~nn of t hese

m a t e r i a l s  i n t o  t w o  O n t u c i p S  w i t h  a t o t a l  a n a ly s i s  t i m e  of less than  15

m i n u t e s  F u r t h e r m o r e , t he  2 , )- , 2 , 5— , and 3 , + - P N F s  a re  significantl y more

t i i x i  c t h a n  t h e  o t h e r  t h r e e  isomers. If o n ly  t h e s e  three DNFs are to he

quatit i tat ‘d , F) ~;uire 2 indicates that a mobile phase of 17 pe r ce n t

a c et o n t r i  le -‘2 3 p e r c e n t  me thano l ‘60 i r c en t  w a t e r  w i l l  e f f e c t  the  r e s o l u t i o n

of 2 , 5 — D N T  as a s in g le peak  wh t i l e  2 , 1— and 2 , 4 — O N )’ w i l l  e l t i t e  t o g e t h e r

hu t  s e p a r a t e d  f rom the  o t h e r  i somers  (see -‘ i gu r ’  10)

R e t e n t i o n  d a t a  fo r  t e t r v l  was o b t a i n e d  and i s  p r e s e n t e d  i n

Table 1 this mun ition elutes very near (N I ’ , h u t  a s e n a r a t i o n of  ( N i ’

and tetrvl may he a c h i e v e d  u s i n g  a 50 p e r c e n t  meth anol water mo h i1~ phase.

An examp le of this separation is shown in F i g u r e  3 i n  w h i c h  BO X , (N i ’ , and

tetryl are separated in less t h an  8 m i n u t e s .

Minimum detectable amounts for the DNTs , TNI’, and tetrv l all

ranged between 5 and 25 ng in this st u d y . Th is leve l of sensitivity will

permit a lowe r limit of detection of between SO and 250 pp h (for the

direct inject ion of a 100 ru  water sample) 01 course these value s art

d e p e n d e n t  upon  a v i s  I h l c  r e s p o n s e  i n  t h e  IC chromatogram ,~f these materials

and will vary with peak sh ap e  and hence o p e r a t i n g  c o n d i t i o n s .

- -rn-- - - - _ _ _
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In cone  l us i o n , p r e s ent  m e t h o d o l o gy  based upon 1- IP I C  t e c h n i q u e s

has  proven to be an effective means of separating and quant it ,iting a

v a r i e t y  of m u n i t i o n s  in trace concentrations . Even such difficult to

resolve mixtures as the  six DNT isomers may be a lmos t  t o t a l ly  s epa ra t ed

and q u a n t i ta t e d .

SU) ’IMARV

[‘his report describes t h u e  s e p a r a t i o n  of f i v e  of t hese  s ix  DN L’

isomers and jud ging from present data , we f e e l  t h a t  a l l  s ix  i somers  can

eventuall y be separated once both t h e  s e l e c t i v i ty  and e f f i c i e n c y  of  the

HPT C c o n d i t i o n s  are o p t i m i :~ech . We have shown strong evidence that solvents

capable of specific interactions with these  m u n i t i o n s  ( e . g . .  a c e t o n i t r i l e )

can significantl y at fect their relative retention and hence t h e  s e l e c t i v i ty

of their separation. In addition til e efficiency of the  a n a l y t i c a l  column

can he increased , thus l e ad ing  to a b e t t e r  s e p a r a t i o n .  (Our  l a b o r a t o ry  is

c a p a b l e  of p a c k i n g  h i g h l y  e f f i c i e n t  columns for specific projects involving

difficult separations . I’his is accomp l ished by slurry packing smaller

particle (‘[0 i i )  columns. Column efficiencies of 20,000 plates are not

unrealistic.) By the use of increased efficiency and selectivity (by

incorporating different solvents in ternary mobile phase mixtures ’) there

is a good chance that all six isomers could be separated . It is recommended

t h a t  a t h o r o u g h  e x a m i n a t i o n  be made of the retention characteristics u ’ t

these isomers with a variety of ternary mobile phase compositions and

increased separating efficiencies. Possible candidate mobile pha se corn -

posit ions would be the  possible ternary mixtures of t u c e t o n i t r i  Ic , furf iu ral ,

glv cuul , and water.
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