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Pyrazincs arc flavour compounds formed in roasted foods as a result of the 
interaction of carbonyis with amino compounds. DiEerent techniques such as gas 
chromato_graphy (GC) and mass, infrared and nuclear magnetic resonance spectros- 
copjl have been employed for their separation, identification and determination1-5. 
in GC it is difEcuIt to resoIve isomeric pyrazines using a single column. Dietrich and 
Mavief employed paper chromatography for the separation of pyrazine carboxylic 
acids. Sizer’ tried to separate some isomeric alkyipyrazines that are diEcuIt to resoIve 
by GC by employing thin-Iayer chromato_mphy (TLC). 

Even with TLC, in spite of employing diEerent solvent systems, dif?&uIties 
are encountered in the separation of pyrazines that have the same or very close 
RF values. 

Pyrazines are n-z donors and are known to form charge-transfer complexes 
with iocheb. Nitra aromatic compounds are powerful z-acceptors. Siiica gel G 

impregnated with z-acceptors such as2,4,6_trinitroaaisoIe (TNA), 2,4MrinitrotoIuene 
(TNT), 2,4,Wrinitrobenzene (TNB), picric acid (PA) and picramide (PM) has been 
used for the TLC separation of a variety of basic compoundse”. 

In this work advantage was taken of n-z complexation of pyrazines with 
2,4,6trinitroresorcinoI (TNR), picry chloride (PC), 2,4,6-trinitrophenetole (TNP) and 
TNT for their separation on TLC plates. Pyrazines form complexes both in soIu- 
tion and on thin-layer pIates impregnated with these nitro compounds. The com- 
plexation results in a distinct spectral shift in solution and a change in the RF vdues. 
The resolution as n--t complexes of 25 pyrazines that are generally found in roasted 
foods has been readiiy eEcted. In particuiar, the separation of those pyrazines 
which have the same or close RF values in Merent solvent systems has been 
achieved as 2 result of complexation. The complexes have distinct W maxima- 

Pyrazines could be detected on the TLC plates by spraying with Dragen- 
do&-s reagent” followed by 0.5% suIphuric acid with a detection Iimit of 2.5pg, 
and dete.rmined after liberating them from the complexes with ethanol at levels down 
to 5 .ug by using a UV s_pectrophotometer_ 
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25.5 

EXPERIMENTAL 

Au”Jzentic pyraxines (l-25, Table I) were received from Naarden International 
Research Centre (Naarden, The Netherlands) and Pyrazine Speciahies (Atlanta, 
GA, U.S.A.). Styphnic acid, picryl chloride, trinitrotoluene and trinitrophenetole 
were of analytical-reagent grade. 

SiIica gel G (E. Merck, Darmstadt, G.F.R.) was used as the adsorbent. All 
solvents were dried and freshly distilled. The following eluting solvents were used 
with the ascending technique: I, chloroform-ethyl acetate-ethanol (60:3S:2j; 11, 
benzene-acetone-ethanol (90:8:2). 

DragendorfYs spray reagent was prepared as reported by Stahl’4 
A Perkin-Elmer Model 124 ultraviolet spectrophotometer was used for 

sp&tral measurements and a Chromatolite W lamp (short-wave length radiation, 
254 ma) for locating the compounds on the plates. 

Preparation of plates, impregnation, spotting and elution 
A fine slurry of silica gel G (50 g) in distilled water (100 ml) was poured 

on to glass plates (35 x 25 cm) and spread uniformly by tilting the plates from side 
to side. The plates were dried at room temperature overnight and activated at 
110 “C in an oven for 1.5 h before use. The average coating thickness was 6.5 mg/cm*. 
The plates were impregnated with a 0.01% solution of the nitro aromatic compound 
in carbon tetrachloride by the ascending technique. The plates were dried at room 
temperature and standard solutions of pyrazines (5 ,og in 10 pl of carbon tetra- 
chloride) were spotted. The compounds were also spotted on an untreated plate, 
which served as a control. The control plates were elutecl with solvents I and 11, but 
for the elution of the impregnated plates these solvents also contained 0.01% of the 
corresponding z-acceptor- After elution the plates were air dried. The compounds 
were located under Ill light and by spraying with DragendorlPs reagent followed by 
0.5 % sulphuric acid, appearing as pink spots on both unimpregnated and impregnated 
plates. Fig. 1 shows two typical chromatograms obtained on an impregnated plate 
for some pyrazines with very close RF values; on the picryl chloride-impregnated 
plate they were well resolved. Table I gives the RF values of 25 pyrazines, and of 
Lt-n complexes with four acceptors in two solvent systems. 

Ultravidet spectra of n+zz complexes in solutitm 
Solurio~~~ of 1 - 10B6 M of each of the pyrazines and nitro aromatic compounds 

were prepa& in carbon tetrachloride. The solutions were mixed in various pro- 
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Fig. 1 _ Thin-layer chromatognms showing the separation of pyrazines having vczy close RF VaIucsa 
Cbomam y without impregnation with p&y1 chloride; chroiit2tow Y. impregnated with 
piayl chkxide. A = 2,3-DiznethyIpynzine; B = 2,Sdknet&y!pyzhxe: C = 2,Wylpyrarint; 
D = kthyl-5-incthy~~mzkc; E = pyrazke; F = Z-ine*&oxy-34ipmpylpyrarinc; G = 2-m&&- 
ox~-3-sec.-butyipywke; H = 2-methyIthi~kthyipymine; I = 24hoxy-3-methyipynt;ix; J = 
2-iutyi-3-methylpyrarine; K = 2-propyl-3,adimtthylp>~; L = 2+~5yMmcthyl~. Ad- 
sorbent: silica .gd G (IS_ Mercfr). SoIwnt system: Ch!orofonndhyl aatatKthanoI(60:38:2) for 
chromatogram X; for Y the system also contained 0.01% of picry chioride. 

portions uld the W spadrum of each mixture was recorded together with those of 
the individual compounds. Table I gives the 3?_ valves of the n-z compIexes and 
of the individual compounds. Figs. 2-5 show the absorption patterns of some typical 
n-z complexes. 

Ifiiac-ctetermination of pym.2ke.s 

Amounts of 5 pg of each pyrazine were dorrbly spotted on two half-sides of 
a picryi chloride-impregnated piate and eluted with solvent I containing 0.01% of this 
nitro compomzd. After elutioa the first half was sprayed Gtb Dragendorff’s reagent 
followed by OS% sulphuric acid_ The spots corresponding to the first half of the 
plate were marked on the second half of the plate_ The spots on the second half 
(unsprayed) portion were also visible nrrder W light These were scraped with a 
micro-spatula into 8 sintered-glass funnel (1-D. OS cm). pyrazines were liberated 
from their complexes by treatment with ethanol, the pyrazines being found in the 
filtrate whereas tke nitro compound remained adsorbed on the silica gel. The SOIVU.I~ 
wzs care- removed fro& tlie filete under a partial vacuum, the residue was 
dissolved in carbon tetrachloride uld the volume made up to 10 ml_ The absorbance 
at the L_ values were measuii The vnounts were cakulatesl from pnzviously 
drzwn standard absorption graphs for each pyrazine- The recovery of the pyrazines 
was 97-98 ‘A and the results were reproducible. 



c Wavelength (nm) 

F&Z. 2. K.i.i spectra of 2-~~~&yIthi~~3-isopmpy~pys&~~~ (x), styphnic acid (0) and their n-z com- 
P& (A). 

5 Weverecqth (nm) 

Fig- 3. W spectra of 2-methoxy-3ethyipyrarine ( x), picryl chIoride (0) and their n-zz cornpI= (Ah 



T
A

ll
L

E
 1

 

R
F 

V
A

L
U

P
S

 O
F

 P
Y

R
A

Z
IN

E
S

 A
N

D
 

‘II
IE

IR
 

n-
n 

C
O

M
P

L
E

X
E

S
 W

IT
H

 S
T

Y
P

H
N

IC
 A

C
ID

, P
IC

R
Y

L
 C

L
IL

O
R

ID
E

,‘~
R

IN
lT

R
O

T
O

L
U

E
N

B
 A
N

D
 

T
R

IN
IT

R
O

P
I-

IB
N

E
I’

O
L

E
, A
N

D
 

A
U

S
O

R
M

’I
O

N
 M

A
X

IM
A

 I
N

 C
A

R
II

O
N

 T
E

T
R

A
C

II
L

O
R

ID
E

 

So
lv

en
t 

sy
st

em
s:

 I
 =

.a
 cl
~

lo
ro

fo
r~

n
-e

th
yl

 ac
cl

r~
tc

-c
ll

m
ol

 (
ff

i:
38

:2
);

 
II

 :=
 b

cn
zc

nc
-u

cc
ro

nc
-c

lh
an

ol
 

(9
0:

8:
2)

, 
A

ds
or

be
nt

: 
si

lic
n 

l~
cl

 0
 

(E
, M

er
ck

).
 

W
ho

n t
ho

 n
il
ro

 
co

m
p
ou

n
d
.i
m

p
rc

gn
n

tc
d
 

p
h

tc
s 

w
cr

o 
cl

u
lc

d
, 

th
e 

so
lv

en
t 

n
ls

o 
co

n
ta

in
ed

 
0.

01
%

 o
f 

th
e 

rc
sp

cc
li
vc

 
n

it
ro

 
co

m
p
ou

n
d
, 

A
,,
,,
,,
 v

al
u

es
 

in
 c

ar
bo

n 
tc

tr
nc

hl
or

id
o:

 st
yp

ha
ic

 II
&

~,
 27

8 
nn

tl 
33

3 
n

m
; 

pi
cr

yl
 c

hl
or

id
e,

 2
63

 nn
d 

33
3 n

m
; 

tr
in

ilr
ot

ol
uc

no
, 2

62
 nm

; t
rl

l~
itr

ol
~l

~c
nc

lo
lc

, 
20

 n
m

, 
-_

_-
-.

.-
__

_-
--

--
--

--
 

_-
__

__
 

. .
 . _

._
._

- 
--

- 
--

 .
_.

I_
__

 
. 

_.
..
 .

__
-_

._
 

-.
 

- 
. .

 . .
 . 

_ .
._

__
 - 

__
__

 _
..
 _
 .

_.
 

. .
 _

__
 ._

._
 ._

._
 .

- 
_ 

_ 
. . 

_.
 
-_

_ 
_ 

_ 
. 

__
.-

_.
__

 
--

._
- 

N
o.

 
C

of
tr

~
tn

ct
n

tl
 

P
u

re
 

~
J
yr

u
rh

cs
 

A
,,
,,
 

0
1
 

R
, 

vh
c,

s 
U

/
I 

A
,,
,,
 

of
 

H
r 

va
ll
rc

s 
ar

t 
A

,,
,,
 

ol
’ 

R
r 

vn
h

re
s 

0
1
1
 A

,,
,,
; 

of
 

H
P
 
va

h
u

so
n

 

sr
yp

h
lk

 
,T

fy
[J

/
lJ

d
C

 
N

C
k
l 

pl
cr

yl
 

rz
 

pf
cr

yl
 c

/
J
k
~
=
 
rr

h
rl

tr
o-

 
rr

lJ
h

J
b
 

Ir
ln

lt
ro

- 
rr

lr
d
lr

u
~
h

e-
 

I”
X

, 
H

J
I v

d
rt

cs
 

n
cl

d
 

co
rt

i.
 

fr
rr

p
re

fn
n

re
d
 

ch
lo

rk
lc

 
rl

d
c-

fr
rl

p
re

g.
 

k
9
/
1
tc

rt
e 

h
rc

rr
r.

lf
fl
- 

p
h

er
lc

lo
le

 
rl

cl
ol

e 
h

- 

(n
rr

r)
 

-.
- 

-.
 .

--
 
--

 
p
le

xe
s 

In
 

p
h

re
 

S
d
- 

S
J
’. 

so
hr

f lo
rt

 
co

n
~
~
le

xc
sr

tn
rc

ff
 

p
h

fc
 

co
rt

r~
lc

xe
sp

rr
gt

ln
re

d
 

co
,tr

pb
cs

pr
c~

rtn
fc

rl 
y;

- 
- -

--
r’-

” 
In

 J
&

. 
_ .

 . .
 . _

._
 _

. _
__

 h
l 

sa
lt

r-
 

p
/
or

e 
w

J
t 

b
le

fu
 

S
ol

. 
S

ol
- 

fl
on

 
- 

--
 -

 .
-.

--
-.

--
 ,

lo
rr

 
Ir

, so
li

r.
 

pl
m

 
(n

a)
 

. 
I 

II
 

- 
m

 
._

_-
__

-.
._

_-
- 

w
/I

t 
w

t 
fn

m
, 

V
C

fl
l 

w
r 

tn
n

,)
 

f$
 

f$
 

fd
 

S
ol

- 
S

ol
. 

1 
II

 
I 

I1
 

w
it

 
ve

n
t 

I 
1;

 
I 

II
 

-_
--

 
w

-w
--

 
-_

..-
e-

..-
 __
_ 

-.
-.

__
-_

- 
-_

--
_.

. _
 _.
.-

- 
._

.-
__

__
I_

_ .
._

_ -_
__

- 
11

_1
__

^
__

 
- -

_.
__

__
__

_ 
1 

2.
M

ol
hy

lp
yr

az
in

c 
26

6 
0.

30
 

08
35

 
27

4,
33

5 
0,

26
 

0.
32

 
27

5 
0.

40
 

08
39

 2
69

,3
15

 0
,4

l 
0.

43
 

26
0,

31
5 

0,
34

 
04

36
 

2 
2,

3~
D

lm
ol

hy
lp

yr
nz

in
c 

27
4 

0.
36

 
08

37
 

27
1 

0,
38

 
0.

35
 

27
0,

31
0 

O
A

I 
00

40
 2

71
,3

09
 0

,4
3 

0,
40

 
27

1,
31

0 
0,

39
 

0.
40

 
3 

2,
s.

D
im

ct
hy

lp
yr

az
in

o 
27

5 
08

38
 

0,
39

 
27

6 
0,

40
 

0,
37

 
27

0,
31

0 
08

45
 0

,4
2 

27
2,

31
4 

08
46

 
0,

45
 

21
2,

31
4 

O
A

3 
0.

42
 

4 
2,

6_
D

ln
~c

tl~
yl

py
m

zi
no

 
27

5 
0,

40
 

0,
39

 
27

6,
33

4 
0,

42
 

0,
39

 
28

0 
08

49
 0

,4
4 

27
1,

31
4 

0,
49

 
0,

48
 

27
0,

31
3 

0.
44

 
0.

43
 

5 
2~

E
th

yL
S=

m
ct

hy
lp

yr
az

in
c 

29
0 

0.
44

 
0.

52
 

27
2,

33
5 

06
53

 0
,5

7 
27

5 
0,

53
 

O
,S

I)
 2

72
 

0.
52

 
O

S9
 

27
3 

0.
48

 
0.

49
 

6 
2,

3,
5=

T
ri

m
cl

hy
lp

yr
az

in
o 

27
8 

08
36

 
0,

55
 

27
3,

33
5 

0.
40

 
0,

61
 

27
4 

0.
44

 
0.

63
 

27
1 

0.
40

 
0,

so
 

28
2 

0.
32

 
0.

59
 

7 
2,

3,
5,

6-
T

cl
m

m
ct

hy
lp

yr
az

in
c 

27
9 

0,
41

 
0.

37
 

28
1,

33
7 

0,
54

 
0.

32
 

28
2 

0.
4G

 
0.

42
 

28
2 

O
A

5 
O

S4
1 

20
4 

0.
37

 
0,

38
 



E
S

’0 
99.0 O

IE
‘Z

LZ
 

5
8
'
0
 2
6
'
0
 

0
8
Z
 

w
o
 

0
9
'
0
 

f
i
8
Z
 

o
v
a
 

1
9
'
0
 Z
I
E
'
O
L
Z
 

9L’o 
98’0 

L
I
E
 

1
9
'
0
 8
1
'
0
 S
I
E
'
O
B
Z
 

G
S

’O
 19’0 

I
l
Z
 

S
P

’O
 G

S
’O

 Z
I
E
'
6
E
Z
 6
V
O
 
L
L
'
O
 

0
1
1
 
e
s
*
0
 O
S
'
0
 I
E
C
'
L
L
Z
 

19’0 
V
L
'
O
 

9
L
Z
 
S
S
'
O
 9
L
'
o
 

I
r
L
Z
 0
9
'
0
 1
8
'
0
 

O
I
Z
 
1
8
'
0
 9
L
'
O
 S
E
E
'
b
8
Z
 

05’0 
09’0 

8
L
Z
 

S
S
'
O
 1
8
'
0
 

0
8
Z
 

8
C
'
O
 O
L
'
O
 O
I
E
'
O
L
Z
 

I
V
0
 
Z
S
'
O
 Z
I
E
'
O
L
Z
 

G
E
'
0
 1
1
'
0
 

b
L
Z
 

1
1
5
'
0
 S8
'
0
 

8
L
Z
 

0
9
'
0
 S
9
'
0
 S
I
E
'
8
9
Z
 

9
t
'
O
 O
f
"
0
 9
1
E
'
8
S
Z
 

1
9
'
0
 $
8
'
0
 

1
8
Z
 L
E
'
O
 8
S
'
O
 O
I
E
'
Z
L
Z
 

99’0 
w

o 
0
8
Z
 

z
v
o
 
1
9
'
0
 

6
A
Z
 

9
E
'
O
 6
S
'
O
 

0
8
Z
 

8
S
'
O
 8
8
'
0
 

0
9
z
 

b
S
'
0
 I
L
'
0
 9
1
E
'
b
S
Z
 

9S
’O

 
I
S
'
0
 

0
8
1
 

C
9
'
0
 6
S
'
O
 

0
8
1
 

8
C
'
O
 O
L
'
O
 

t
9
z
 

o
b
'
o
 w
o
 

O
L
Z
 

9
5
'
0
 S
L
'
O
 

S
L
Z
 

E
L
'
0
 $
8
'
0
 

0
8
1
 

Z
b
'
O
 E
S
'
0
 S
I
E
'
L
9
Z
 

w
o
 

L
E
'
O
 I
Z
E
'
E
9
Z
 

0
9
'
0
 '
G
L
'
O
 

0
8
Z
 

9
9
z
 
I
S
'
0
 I
L
'
0
 

E
b
'
O
 0
8
'
0
 

6
1
1
 

1
1
9
'
0
 19
'
0
 

6
9
1
 

9
S
'
O
 9
v
o
 

0
1
1
 

S
6
'
0
 E
8
'
0
 

6
1
1
 

G
L
Z
 
9
9
'
0
 9
8
'
0
 

Z
S

’O
 99'0 

Z
8
Z
 

C
L
'
0
 8
8
'
0
 

0
8
Z
 

9
b
'
O
 0
1
'
0
 

t
r
8
Z
 

E
V
O
 
E
L
'
0
 O
I
E
'
9
9
Z
 

2
9
'
0
 8
8
'
0
 S
I
E
'
O
9
Z
 

9
S
'
O
 S
8
'
0
 L
I
E
'
9
S
Z
 

O
S
'
0
 8
1
'
0
 

9
L
Z
 

S
E
'
0
 0
6
'
0
 

0
8
1
 

L
E
.
0
 6
1
'
0
 O
K
'
9
9
1
 

1
I
E
'
O
 ES
'
0
 

O
L
Z
 

8
S
'
0
 E
G
'
O
 

S
L
Z
 

S
L
'
O
 E
6
'
0
 S
E
E
'
9
L
Z
 

Z
9
'
0
 1
9
'
0
 S
E
E
'
O
L
Z
 

S
E
'
0
 O
P
'
O
 

t
1
z
 

t
t
L
'
0
 ZG
'
O
 S
E
E
;
0
8
1
 1
8
'
0
 0
6
'
0
 Z
6
Z
 

O
S
'
0
 8
5
'
0
 9
9
Z
 

I
S
'
0
 w
o
 

1
9
2
 

0
1
'
0
 1
8
'
0
 O
G
Z
 

f
6
Z
 
O
S
'
0
 1
6
'
0
 O
K
'
O
I
Z
 
9
S
'
O
 Z
8
'
0
 1
6
Z
 

Q
u~zuJ~d~X

t~~3w
.~~xoq~~~Z

 

E
9’0 

IS
’0 

W
'
O
L
Z
 

8
8
'
0
 0
6
'
0
 E
E
E
'
I
L
Z
 

9
9
'
0
 (
9
'
0
 I
E
E
'
t
r
L
Z
 

E
9
'
0
 9
L
'
o
 O
I
C
'
9
L
Z
 

O
S
E
 

9
6
'
0
 P
8
'
0
 'S
I
E
'
E
9
Z
 

t
8
'
0
 1
9
'
0
 E
E
E
'
S
L
Z
 

9
9
'
0
 9
S
'
O
 9
E
E
'
L
L
Z
 

11’0 
0
8
'
0
 S
E
E
'
O
I
I
Z
 

O
t
'
O
 8
1
'
0
 

8
9
Z
 

L
V
O
 
E
V
O
 
E
E
C
'
O
L
Z
 

t
'
8
'
0
 t'
s
'
0
 IE
C
'
9
L
Z
 I
S
'
0
 8
9
'
0
 9
L
Z
 

8
L
Z
 

1
8
'
0
 9
6
'
0
 '
O
Z
Z
 

I
S
'
0
 6
9
'
0
 6
L
Z
 

I
V
0
 
9
9
'
0
 O
L
Z
 

9
1
E
 

1
1
'
0
 Z
G
'
O
 '
G
b
Z
 

9
I
C
 

9
9
'
0
 1
8
'
0
 'E
C
Z
 

z
z
z
 

E
S
'
0
 L
9
'
0
 %
L
Z
 

S
9
'
0
 0
8
'
0
 0
8
1
 

E
S

’0 
99’0 

O
G

Z
 

0
9
'
0
 9
8
'
0
 S
8
Z
 

P
E
'
O
 S
L
'
O
 I
L
Z
 

L
E
'
O
 8
p
'
O
 V
L
Z
 

W
O
 

0
9
'
0
 0
8
Z
 

6
9
'
0
 6
8
'
0
 

8
1
 

L
I
 

9
1
 

:
I
 

:
r
 

I
I
 

0
1
 

6
 8
 



Fig. 5. UV qzctra of pyrazke (x) znd n-z compkzes of pyrazk with sQ@nic acid (.), piqyl 
~Horide (A). TNT (Cl) and trinitropknetole (O)_ 

RESULTS AND DIXXJSSION 

As is evident from Table I, pyrazines form charge-transfer complexes with 
titro aromatic compounds both in solution and on TIC plates, which is reflected in 
tie spectraI shifts and in the RF values. For most of the compounds a large spectral 
shift is acconpzr?ied by 2 sigdkant change in theiz R, V&XS. 

Fyrazines are n donors_ The nitrogen atoms in the ring deactivate all of the 
tig carbon atoms towards electropbilic substituents and activate them towards 
nucleophilic substituents Hence nucleophihc substituents such as all& alkoxy and 
thioalkyl groups on the pyrazine ring further modify the donor capacity of the 
molecule. 

Of the four nitro aromatic compounds tried as acceptors, viz., styphnic acid, 
PC, TNT and TNl, PC gave the best separation of the complexes. The chlorine 
atom attached to the nitro-aromatic ring further enhanced the acceptor properties_ 

Theoretically, pyrazines could form 1 :I, 1:2 and 2: 1 complexes with nitro 
aromatic compounds. From a Job’s plot in solution it was observed that all of the 
pyraies formed only 1 :l complexes. In some instances the complexes showed more 
than one absorption band in solution. This could be due to multiple charge transfer 
occurring between the closely related Wed orbitals of the donor molecule and closely 
related unfilled orbitals of the acceptor molecule. 

Silica gel G was suitable as an adsorbent. Of the two solvent systems examined, 
solvent I gave better resolutions of the complexes_ The compounds could be detected 
with Dragendorff’s reagent ‘both on unimpregnated plates and on plates impregnated 
with nitro aromatic compounds. 

Ibis property of n-z complexatioc on TLC plates was found to be of great 
utility in the resolution of those pyrazines which had either identical or very close 
RF values For example, the following groups of pyrazines had very close RF values 
in both solvent systems (Table I)_ Group I -2,3-dimethylpyrazin~ 2&iimethyl- 
pym.zine, 2&dimethylpyrazine; Group II -2ethyl-S-xethylpyrazine, pyrazine; 
Group III -2-metboxy-3-isopropylpyrazine, 2-methoxy-Zkec.-butylpyrazine ylpyrazine; 2- 
methylthio-3-&y1pyrazine; Group IV -2*thoxy-3-methylpyrazin~ 2-acetyi-3-meth- 



ylpyraziq 2-propyW&dimetby~pyrazine, 2effiyl-6-metby~pyrazinepyra6ne. However, as can 
be seen from Fig_ L, as the IHE complexes they gave very distinct separations. 

The procedure described is very u&X for the separation of pyrazines that 
are difikralt to resolve. it is possible to detect and determine them with limits of 
2-5 and 5 p& respectively. 
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Research Laboratory, Mysore, for his keen interest and encouragement. The 
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