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Copper and silver picramates have been prepared and their oonlpositions have 
been established by micro-analysis. This has been further confirmed by oonductomet- 
ric audpotentiometrio meth0ds;I.R. Studies of metal pioramates show - 3 , N - > i l f  
coordimation where M is copper and silver. Various explosive properties of these 
pioramates have also been studied. , 

The practical utility of metal picramat& as primary explosives may be of great in- 
terest in the technology of explosives chiefly because of the ease of theh pp~eparation and 
increased sensitivity towards heat and shock as compared to nietall picrat'esl$ l .  Glowiakl 
has studied the explosive properties of lead picramatesf. However no detailed info&ation 
is available on other metal picramates. It is only recently that the chemistry and explosive 
pfoperties of ferrous, cobalt and nickel picramates have been jntensively itudiedi. ' The 
object of the present investigation is to extend this work to picramates of copper and silver. 

. .  . 

M A T E R I A L S  A N D  M E T H O D S  . ~ 

All the chemicals used were obtained from B.D.H. and were of A.R. grade,. !&e methods 
used for conductometric, potentiometric and I.R. studies have been described earlier2.. 

Preparation of Metal Pioramate 

Copper and silver nitrate solutions were added to a solution of sodium picramate. 
The maximum precipitation would occur when the two components A and B are in stoichio- 

- metric ratio. 

xA + yB e: A& By (Precipitate) - 

At the first instance, it would appear that metal picramate is precipitated. whea the 
product of metal ion conoentration and pioramate ion conoentration exceeds the solubi- 
lity product of metal picramate. However, this view is not correct since 1,R. studies indi- 
cated that metal picramates are complex compounds. The products were filtered, 'washed 
with water and finally with alcohol. The samples were driedin desiccator. to coristant 
weight and analysed for their constituents. 

C O M P O S I T I O N  O F  P I C R A M A T E S  

Micro-analysis r 

The composition of metal picramates was determined b;y micro-analys's, reaults'of I 

which are given in Table 1. -. J 

i 
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TABp 1 
~oxPos~!I'IDN QP COPP- AND SILVER PIURAMATES DETERMINED BY BXICRO-AiiAL~SiS 

Folldula Metal C H N H O  
% % % 743 4, - > ~ 

0~ [CgHa (No31 (NH3 01s. Hz0 Cald. 13.31 30.15 1-67 17.59 3.77 
.Pound 13.1Q 30.16 1-70 17.62 4.0 

Cald. 35.27 23.54 1.31 14-06 - 
Found 34.20 23.58 1.31 14-10 - 

The fol.lohg physico-ch&n.ical studies were conducted to establish the composition 
bf these complexes ; 

Cd-trio St&& 

The inonovariatioa methoda has been employed in the present study and the results. 
so obtained are represented in Fig. 1 and Pig. 2. 

4 

Fig, 1 represents the plot of specific conduotance against the volume of sodium piom; 
mate solution (0.02 M) added, It is evident from the lower part of- the curve (Pig. 1) 
that conductivity remained almost constant upto the addition of two moles of sodium 
picramate solution per mole of copper sulphate solution, 

This was due to the formation of undissooiated oopper picramate 

The conductivity suddenly increased .after the addition of two moles of sodium picra- 
mate solution as is evideat from the upper part of the curve (Fig. 1) indicating that the 
reaction was complete when two moles of sodium pieramate solution per mole of copper 
sulphate solution were added. This clearly shows that in this system the complex is formed 
at  the ratio of 1 : 2 of metal and ligand respectively. 

lpig. 1-Copper s~lphate-sodium picramate system Fig. 2-Silver nitrate-sodium picrtumte system (initial . 
(initial oonc. of metal salt solution = 0.02111; eonc. of AgNO, sol, = 0 . 0 2 Z  initial cono. of 
initial conc. of sodium picramate aolution = sodium picramate sol. = 0 02X; volume of. 
0a02&f; volume of copper sulphate solution =, AgNOs sol. = 10 mi. and total volume ca 50"' 
6 ml. and total volume = 50 ml.). ml.). 
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P Similarly from Fig, 2, it may be concluded that in silver nitrate-sodiunl picramate 
system the complex is formed In the ratio of 1 : 1 of metal and ligand respectively. . - 

The results $ potentiometric studies are represented graphically in fig. 3 and,Fig, 4. 
In Fig. 3 the four curves from bottom represent the potentiometric titrations of the 

solutions containing copper sulphate and sodium picramate in the molar ratios of 1 : 0, 
1 : 1, 1 : 2 and 1 : 3 respectively (copper picramate is precipitated in last three solutions 
and the amount of precipitate depends Qpon the availability of Czl+ ions and [ C8H, 
(NOP)a (NH,) 0] - ions) with sodium hydroxide solution. The examination of thsbottom 
curve shows that two mole8 of sodium hydroxide are needed for the complete precipitation 
of Czl+-l- ions as copper hydroxide whereas in the curve second from bottom only one 
equivalent of alkali is needed for the complete precipitation. This shows that half of the 
Cu++ ions present in solution have been bonded with the ligand and only half of the 
Cub+ ions arb free to react with one equivalent of alkali. The sharp rise in pH with 
the addition of alkali as seen in the curve third from bottom skows the qbsence of free 

C 
Cu++ ions in the solution, i.e. whole of the Cu+i- ions have been attached with the ligand. 
The top curve is quite similar to the curve third from bottorn but is a t  higher pH due 
to excess of sodium picramate. These observations clearly indicate the formation of 
1 : 2 complex in copper picramate system 

In Fig. 4 the four curves from bottom represent the potentiometric titrations of 
silver nitrate-sodium picramate in the molar ratios of 1 : 0, 1 : 1, 1 : 2 and 0 : 1 respec- 
tively-with sodium hydroxide. On the basis of the discussion similar to above, it may be 
concluded that in silver nitrate-sodium picramate system the complex is formed at 
the ratio of 1 : 1 of metal and ligand respectively. 

Fig. 3-Electrometric titrations of (-. .-) 20 ml. 
0.005Y CvS04 +- 30 ml. H,O (-.--) 
20 ml., 0.006MCuS04 3.5 mi. O.02Y so- 
dium picramate4-2 6ml. H,O (- - --) 20rnl. 

" 0~005MCuS04+10ml.0~02Msodiunl  
picrmatef20 ml. W,O and ( - ) 20 ml. 
0.006dI CwflO, f 15 ml. 0 . 0 2 Y  sodium 
pioranlate 4- 15 ml. H20. 

Fig. 4-Electrometric titrations of (-) 20 ml. O.005M 
AgNO, f 30 ml. H,O (--- -) 20 m1.0.005M 
AgNO,+B ml. 0.02 M sodium picramatc + 
25 rill. IZ,O (-. -) 20 ml. 0.006M AgArU,+ 
10 ml. O.02M sodium pioranlate -b 20 1111. 

@$O and ( -. .- ) 20 ml. 0.005.M sodium 
p~cramate 40 ml. H,0.  





FR.EQCTE.IUGY (em-') 

Fig. 6tb)-I.-R. spectra of oopper piarramate in potassium bromide 



. 1 

Fig. 7(a)-I.R. spectra of silver picramate in potassium bromide. 
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'  TABLE^ 
VALVES OE EXPLOSION DELAY AND TEMPERATURE 

1 

Compound - Explosion delay ExpWmn tempemfur6 for 
at 320°C explosion delay of 10 see. 

6~0 . )  
- .  

' ("C) 

Copper pieramate 23;5f 0.4 376.0f 2 
Silver pioramate 13.2f 0.4 342.0&2 

TABLE 3 
VARIATION OB EXPLOSION DELAY WITH TEMPIDICA~~BE: 

Temperature Explosion delay 

Copper picramate Silver picramate 63 (see.) (-0.1 

280 
- .  

- 42.6 20.7 
290 36.0 - 
300 30.7 16.2 
310 26.4 - 
320 23.5 13.2 
330 19.0 - 
340 17.0 10.8 

Structural Studies r 

The results of micro-analysis, conductometric and potentiometric studies suggest the 
formula 

[ Q,H, (NO,), (NH,) 0 1, - M 
where x = 1 for Ag and 2 for Coc 
and M is Coc or Ag. 

I N F R A - R E D  S P E C T R A  S T U D I E S  
The I.R. spectra are given in Fig. 6 to 7. The absorption associated with the -3761 

!-. degenerate deformation mode4 is expected to appear near 1600 em.-1 but is greatly 
masked by the strong absorption due to -NOz groups in the same region. The -NH 
rocking and twisting modes4 appear as doublets at  870-886 em.-? in sodium picramate 
(Fig. 5a,b) are shifted to 930-940 cm -1 in copper picramate (Fig. 6a,b) and appear as a 
single peak at  940 cm.--1 in silver picramate (Fig. 7a,b) .which clearly indicate the pre- 
sence of N+M coordination. 

The above conclusion is also supported by the shift of -NH asymmetric stretching vibra- 
tion frequency to 3280 cm. fl and 3340 om.-1 in copper and silver picramates respec- 
tively (Fig. 6a,b and 7a,b) as compared to 3400 om.-1 in the spectrum of sodium picra 
mates'6 (Fig. 6a,b). 

E X P L O S I V E  P R O P E R T I E S  I 

The compounds used for the measurement of explosive properties were dried at  100°C 
for two to three hours. 

Eqlosior, Delay md Temperature 

Explosion delay and temperature were m e a w d  by the m e t w s  described earlieu9 
' and the respite so obtsbined are given in Table 2, 
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TABLE 4 

VALUES of E AND B FOR DIFPE'EBEHT CQMPOULJDS 

-- 
Compound Activation energy (E) Constant 

(K cal. mole-') (B) 

Copper picramate 10.3 14.4 

I Silver pioramate 7 . 3  9.7 

, , 

Thw112al Sensitivity 

Values Da of explosion delay at various temperatures are given in Table 3. The 
curves representing %he relat-ip. 

where E is the activation energy of the physico-chemical process explosion 
delay, B is a constant and T is the absolute temperature of the bath, are shown in Fig. 8. 
From the slopes of these curves which are almost rectilinear, values of activation energies 
have been estimated7 and are given in Table 4. 

This was done by the method described earlier2. The results are plotted in+Fig. 9. 

From the results it is evident that mixture of silver and silver oxide is obtained at 
420°C but copper oxide is not obtained as copper picramate explodes at 280°C. Thk is so 
because the decomposition of silver picramate starts at  a compstl.stively lower temperature 
whereas that of copper picramate starts at a higher temperature, 

( , - 

Fig: 8-Variation of log DB with reoiprowl of Fig. 9-Therm~~ravbtrio  analysiwof Cu(I1) ltnd 
- ;cbsolute temperature, .+4g(T) picramates. 
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Details of thermograms of Cu(I1) and Ag(1) Picramdtes (Fig. 9) are given below : 

Copper Picramate Cuwe 
J 

A-B Desiccator-120°C No decomposition of Cu (picramate),H,O. 

B-C 120-160"~ Loss in weight due to removal of 1 H,O. 

C- Constant weight of Cu (picramate),. 

D-E 210-260°C Loss in weight due to decompqsition of 
Cu (picramate),. 

280°C 
. . .  

Explodes in'gminutes. 

The colour of copper picramate changes to light bLck at 220°C and dark black at 230°C. 
r 

Silver Pimccmate Curve , , 

A-3 Desiccates-120°C T~oss in weight due to slight demmposition 
of Ag picramate. 

B-C 120-420°C Loss in weight due to decomposition of 
Ag picramate. 

C-D 420-500°C Constant weight of mixture of (Ag+Ag,O). 

160°C The mJid melts. 

The colour of silver picramate changes to black a t  140°C and blackish whiite at 420°C. 

The results of thermogravimetric analysis suggest that copper picramate is thermally 
more stable than silver picramate which is aKo supported by the data of explosion delay, 
explosion temperature and acfivati~n~mergy etc. The possible explanation for this de- 
crease in thermal stability from oopper to silver picramate 'hay be due to the increase in 
-0-M-bond distance in this order. 

Explosion Pressure 

Pressure of gases developed on explosion is an important factor because it serves as 
a measure of the capacity of an explosive to do work, although the character of the work 

Compound Height (El) Explosion pressare* 
. ~ 

(Bath temp. 350f 2 O Q )  

(dynes/~m.~ x lo4) 
(om.) 

Copper picramate 

Silver pioramate 4.918 . 6.557 

*The explosion premure was obtained by taking 10.0 mg. of the ex@osiw maten'al, 
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T m 1 6  - 
Hmaars AND IMPACT ENERQIEB IOR 50% IGNITIONS 

wmam o~ THE EWER = 2 kg. : WEIQHT OE THE CHARGE = 20 mg, 
-.. 

Compound Height (H) Impact energy 
(om.) =pm 

, 
Copper pioramate 32.8 0.653 
Silver pioramata 16.6 

, ., 0.332 

is determined by the rate a t  which the pressure is built up and it was measured by the 
method outlined earliers. The results of explosion pressure given in Table 5 indicate 
tha t  pressure exerted during the explosion of oopper pioramate is more t h ~ n  that of silver 
picramate. 

Impact Se~sitivity 

The information obtained by the data of impact sensitivity is considered qost viluable 
as it gives assurance of safety in manufacture, handling and transportation. 

The impact sensitivity of the picramates was determined on a machine slightly modi- 
fied in design to one used by Taylor & Wealeg. 

, - .  
The test consists of dropping a hammer of definite weight from a known height on to 

a weighed quantity of the samples kept in between the surfaces of two stainless steel 
Hoffman rollers which are kept in position by the steel collar. At each height, 20 trials 
were carried out and numbers of ignitions recorded. 

Curves showing the percentage of ignitions out of 20 trials at  various heights are 
shown in Fig. 10. The criticd heights which bring about 50% ignitions in copper and 
silver picramates and impact energies1° for the same are given in Table 6. 

These results show that silver picramate is more sensitive towards impact than copper 
picramate. 

Gas Analysis - 
The explosion of samplb were carried 

out at  300°C in vacuum and the products 
were analysed for hydrogen, nitrogen, 
carbon monoxide, carbon dioxide, nitric 
oxide and nitrogen dioxide. The gasee 
were also analysed on a mass spectro- 
meter. The errors of these estimations 
are approximately f 5 per cent. 

The volume (in litres) of gases evolved 
during explosion of 1 kg. explosive, measured 
at  NTP, is d e d  sp~cilic or normal volumeU 
(Yo). The results given in Table 7 show 

10 20 4 0  
that the value of specific volume comes to 

30 
HEIGHT (H) cm. ' 

be 3466.3 cc. and 142-72 cc. for copper and 
silver pioramates respectively, 

Fig. 10-Impact sensitivity of Cu(I1) and Ag(S) 
pioramab, 
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. '  - TABLE, 7 

GAS ANALYSIS DATA OF THE GASEOUS P ~ D U O T S  PRODUCED DURINQ EXPLOSION 
OF TBERE METAL PICiRAMATES - 

Gas Volume of gas a t  NTP per gm. 

Copper pioramate Silver ioromate 
(00.) $0.) 

, 

On the basis of gas analysis data, the explosive decomposition of copper and silver . 
,)icramates may be represented by the equations. 

[C64 (NO,), ( N H , )  01 Ag = 1.53 CO + 15.90N2 f 5.81NO + 49.24C0, + 0.61 NO, + 118.87 Ag, 0 + C 
(When 1 gm. mole of the compound is exploded the amount df different gases (grn.) 
liberated are givesin above equations.) - 

However when explosion takes place, the decomposition products are more complicat- 
ed than mentioned above. . 

I 
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