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XILV.—The Metallic Picrotes.

By OswaALD SiLBERRAD, Ph.D., and HeENRY ABLETT PHILLIPS.

Tar present investigation was rendered necessary by the numerous
discrepancies between the statements of previous workers as to
the composition and properties of the metallic picrates. In
many instances the older data have had to be corrected.*

The nretallic salts were, in general, prepared by bringing together
picric acid and the carbonate of the metal in question, and evaporating
the solution until the crystals appeared on cooling. The chief diifi-
culty encountered is due to the rapidity with which the crystals
alter in the air.

Iathium Picrate.

Beamer and Clark obtained the anhydrous salt from .a,lcohioli'c
solution. No hydrated salts appear to have been prepared. |
Tetrahydrate, CHy(NO,),*OLi,4H,0,—This is obtained by mixing

* In order to avoid repetition, the references used throughout the present paper
are collected together in the following lists, and the authors are referred te only by
‘name in dealing with their work on the various salts:

Welter, Ann. Chim. Phys., 1795, [i], 29, 801 ; Scher. Jowr.,, 1800, 3 715
Chevreul, Ann. Chim. Phys., 1809, [i], 72, 113; Ha,tcheft Gehl, Ann,, 1803 '1
869 ; Fourcroy and Vauquelin, Gehl. Ann., 1804, 2, 281 ; Liebig, Schweig. Jom' ;
1827 , 49, 878 ; Pogg. Ann. 1828, 18, 191 ; Ann. Chim. Phy.s-., 1827, [ii], 385, 72;
1828, 37, 286 ; Miller, Pogg. Ann., 1835, 36, 478 ; Rose, Pogg. Ann., 1840, 4
186 ; Dumas, Ann. Chim. Phys., 1836, [ii], 638, 265 ; 1841, 2, 204 ; J. pr. O

1841, 24, 218 ; Annalen, 1841, 39, 353 ; Marchand, J. pr. Chem., 1841, 28, 868

1844, 82, 85 ; Annalen, 1843, 48, 336 ; 1844, 52, 345 ; Schunck, Aoma:len;f‘:

30, 7; Lewent, Ann. Chim. Phys., 1841, [ifl}, 3, 221; J. pr. Chem., 1842, 26,

427 3 Rev. Scient., 9, 26}; Annalen, 1842, 438, 2.19 Kopp, Ann. C’h’&m. Phys.

1845 [iii], 18, 233; Rieckher, Arech. Pharm., 1845, [ii], 44, 158; Stenhouse,
Annalen, 1846, 57, 88 J. pr, Chem., 1848, 89, 221 ; Journ. Chem. ;S’oc., 1868, 21,"

150 ; Cahours, 4nn. thm Phys., 1849, [iii], 25, 26 ; J. pr. Chem., 1849, 46, 387;

Schab11s, Juhresber., 1850, 392 ; Moretti, compare Gmelin’s Hondbuch de Chemde, '-138'52,’ .

Bd. v, 685 ; Carey Lea, Silliman’s Journ., 1858, 26, 879 ; 1860, 30, 402 ; 1861,
81, 78 ; Chem. Gaz., 1859, 1; Rep. Chim. pure., 1859, 1, 227 ; von Rath Pogy.
Ann., 1860 110, 114; Kuhlmaun, Annalen, 1863, 126, 78 ; Bull Soe. chirm. s
1864, [ii], 1, 330; Jahresber 1864, 254 ; Bottger, Jahresber. Phys Veretns, Fpanks
furt 1865, 66, 56 Jahresber., 1866 860 ; Mu].lel, Zettseh, fwr Chem., 1865 189

1867, 622 Lossen, Afrmcalm, 1868 Suppl 6, 233 Post and Mehrtens, Be'
8, 15525 Beamer and Clarke, Ber., 1879 12, 1068 ; Reychler, Ber., 1884 1

890 ; Valet A‘nn O’hzm Phys 1896 [vii], 8, 130 Hantzsch and Aul
1906 39, 1105 ; Gook J. Amer, Chem, B’oc., 1906, 28, 613, :
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equivalent quantities of lithium carbonate and picric acid and
allowing the ajueous solution to evaporate slowly at the ordinary
temperature. It crystallises in yellow, prismatic needles, which
gradually pass into the monohydrate with separation of water even
when kept in atmosphere saturated with moisture :

Found, N =13"7T.
CeH 0y N, Li,4H,0 requires N =13-71 per cent.

The monohydrate, CgHy(NO,),*OLi,H,0, is obtained when the
tetrahydrate is allowed to stand (preparation I) or, more rapidly
when heated to 80° (preparation II). It is also formed when a
hot, concentrated solution of the salt in water is allowed to cool
rapidly (preparation III), and when the anhydrous salt is exposed
to air under ordinary conditions (preparation IV) or in an atmosphere
75 per cent. saturated with moisture at 25° (preparation V) :

Found, N=(I) 16-90; (II) 16-55 ; (IIT) 16-46. HO:(I) 6:84;
(IT) 6-85. :
O, H,0,N,Li, H, O requires N =16'64; H,0 =712 per cent.

" Loss of weight on exposing tetrahydrate to a temperature of 80°:
Found, (a) 17-91; () 18-07.
 CH,0,N,Li,4H,0 requires (for a loss of 3H,0) 17-60 per cent.
Increase in weight on exposing anhydrous salt to air :
Found, (IV) 752 ; (V) 7-57.
0,H,0,N,Li requires for 1H,0 an increase of 7'66 per cent,
The monohydrate is obtained in dark orange—yellow, rhombic
crystals by rapidly cooling a saturated solution, or by allowing the
tetrahydrate to stand. When prepared by the other methods, it is a

dark yellow powder.
The anhydrous salt, C,H(NO,), OTi, is obtained by exposing either

of the foregoing salts to a temperature of 150°:

- Found, N=1646.
- GeH,0,N,Li requires N=1664 per cent.

The salt is a pale yellow powder which rapidly re-absorbs one
_molecule of water, It explodes with moderate violence at 318—323°.%

Sodium Picrate.

Previous \vorkexe%Lleblg, Merchahd Schunck, Rieckher, Cahours.
Thls salt has generally been thought to be anhydrous ‘the present

* ’I‘he ignition points of these salts were determined by dropping a small quantity
of the anhydrous compound into a tube heated in a metallic bath ; the ignition point

en is the temperature at which ignition oceurs Wlthln two seconde of the time of
ucing the salt into the tiibe. :
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work has shown, however, that it crystallises with one molecule of
water. |

The monohydrate, CyHy(NO,),»ONa, H,0, crysta.lhses from a hot
agqueous solution in sma.ll, yellow needles (prepa.ra.tlon I).

It is also produced as a yellow powder when the anhydrous salt ig
exposed to an atmosphere saturated with moisture to the extent of
75 per cent, at 25° (preparation IT) :

Found, N=(I) 15:76; (Ia) 15-50; (I3) 16'52. H,0=(I) 610,
(Io) 6:62; (18) 6'51. |

CsH,0, N Na, H,0 requires N=1565 ; H,0 =669 per cent.

Increase of weight on exposing anhydrous salt to a moist atmosphers
(preparation II) =738 :

CeH,0,NyNa requires for 1H,0 an increase of 7'17 per cent.

The ankydrous salt, C;H,(NO,),*ONa, is obtained by exposing the
monohydrate to a temperature of 150°:

Found, N =16-80,

CeH,0,N, Na requires N =16'77 per cent. \

The salt is a pale yellow powder, which explodes feebly at 310—315"

Potassium Picrate, CgH,(INO,)4*OK.

Previous workers—Welter, Chevreul, Fourcroy and Vauquelin,
Liebig, Miller, Dumas, Marchand, Schunck, Laurent, Kopp,
- Rieckher, Stenhouse, Cahours, Schabus, Frisch, Post and Mehrtens,
The analytical data given by these authors agree, in general, in

showing the salt to be anhydrous. This is confirmed by the . present
work :

Found, N =1547. ‘
CeH,0,N;K requires N =15"76 per cont.

The salt crystalhses from an aqueous solution in yellow, Irldescent
prismatic needles. It explodes with moderate violence at 811 —316°,

Rubidium PFicrate, C;H,(NOy)*ORDb.

This salt has apparently not previously been prepared. It crystal-
lises from water in anhydrous yellow needles : =

~ Found, N=1367,
C,H,O;,N;Rb requires N =1343 per cent.
It explodes with moderate violence at 800—315°,

Coesium Picrate, UgHy(NOy)g*O0s.

This salt also has appmently not been previously PrePJ iR
crysbalhses from water in anhydrous, yellow needles :




SILBERRAD AND PHILLIPS : THE METALLIC PICRATES. 477

Found, N =11-89.
O;H,0,N;Cs requires N=11'67 per cent.

Tt explodes with moderate violence at 272—277°,

Ammonium Picrate, C;H,(NO,),*ONH,.

- previous workers—Chevreul, Hatchett, Liebig, Rose, Dumas,
Marchand, Schunck, Laurent, Kopp, Cahours, Reychler.

All these authors agree as to the absence of water of crystallisation.
Liebig and Cahours both recognise the existence of a yellow and red
varioty of the salt. These observations have been confirmed in the
present work, The salts were obtained by the action of ammonia or
ammomum carbonate on picric acid, the latter method bemg more
liable to give rise to the red variety :

Found, N =(red variety) 22-71 ; (yellow variety) 22-70.
C,HO,N, requ1res N =22-81 per cent.

~ On heating, both modifications volatilise without detonation.

Hydrazine Monopiorate, CgH,(NO,)s*OH,N,H,.

Previous worker—Rothenberg.
This author’s analysis agrees with the above formula, which has

| been confirmed in the present work :
Found, N = 2670 ; 26-80.
I C H707N requires N = 2687 per cent.
The salt crystallises in orange needles, which, on heating, volatlhse
without explosion.

Stlver Picrate, CBH2(.NO2)3°QAg.

. Previous workers—GChevreul, Liebig, Dumas, Marchand, Schunck,
- Iaurent, Rieckher, Stenhouse, Cahours, Carey Lea, Miiller and
~ Stenhouse, Post, and Mehrtens.

The analytical data given points in most cases to the absence of
water of crystallisation ; in other cases, however (Marchand, Laurent,
Post and Mehrtens), the presence of one molecule of water is indicated.

For the present work, silver picrate was obtained by dissolving silver
oxide in & hot saturated solution of picric acid. The salt separated on
coohng in yellow needles, Whlch contained no water of crysta.lhsatlon

‘ Found N =1245.
,,,,, CeH,0,NgAg requires N = 12 53 per cent

'lhe compound exploded feebly at 336———341°
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Cupric Picrate.

Previous workers-——Lleblg, Marchand, Miiller, Tschelzoff, Ga,rey
Lea.
Marchand obtained a mixture of the normal salt with a basie salf,
~ and removed the latter by extraction with alecohol. His analysiy of
the normal salt corresponded with a pentahydrate which lost foy,
molecules of water at 110°. Miller obtained analytical data which
corresponded approximately with [CgH,(NO,),*0],Cu,104H,0.

Tschelzoff described an octahydrate. The present work has not
confirmed any of the data,

Undecahydrate, [ C;H,(NO,)g-0],Cu, 11H,0.—This salt is deposited, o
cooling, from a hot concentrated solution in large, green prisms :

Found, N=11-85. H,0=27-84 ; 27'76,

C;,H,0,,N;Cu,11H,0 requires N =11'78 ; H,O = 2760 per cent,

The tetrahydrate, [ CsHy(NO,),'0],0u,4H,0, is obtained as a greenish.
yellow powder when the anhydrous salt is exposed to an atmosphere
saturated with moisture to the extent of 75 per cent. at 25°,

The anhydrous salt absorbed H,O -=13-55:

C1oH,014,NyCu requires increase of 4H,0= 1386 per cent,

The anhydrous salt, [C,H,(NO,),0],0u, is obtained by heating either
of the foregoing salts to a temperature of 80°:

Found, N =15-95.

CH,0,,N:Cu requires N =16-20 per cent. |

The salt is a greenish-yellow powder, which absorbs water from the

atmosphere. It explodes Vlolently at 282—287°,

Magnesium Picmte

Previous workers—Licbig, Marchand, Tschelzoff,

Marchand’s data led him to regard the salt as a penbahydrate, whllst
Tschelzoff considered it an octahydrate. |

The present work does not confirm these data. s,

Nonahydrate, [CH,(NO,)s 0], Mg, 9H,0.—This salt crysta.lllses from
a hot concentrated solution in silky, yellow needles : i

Found, N=13-32; 13-39,

| C,H OMMg,QI—I O requires N =13'11 per cent.

Hexahydrate, [CHy(NO,),*0],Mg,6H,0.—This was obbai
exposing the anhydrous salt to the air (preparation I), o
atmosphere 75 per cent. saturated with moisture at 25° (pre
II). ‘The increase in weight corresponds with the addition o

Increase in We1ght, on exposing anhydrous sa.lt to
22 39 ‘ ‘
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Increase in weight on exposing anhydrous salt to an atmosphere
15 per cent. saturated with moisture at 25°=22-40:
C,,H,0,,N;Mg requires increase of 6H,0 ==2249 per cent.
The dihydrate, [CsHy(NO,), 0],Mg,2H,0, is obtained when the
nonahydrate is heated to a temperature of 80°:
Found, N= (I) 16-35; (II) 16-42. H,0= (I) 7-09.
0o H,0,,N;Mg,2H,0 requires N = 1630 ; H,0 =697 per cent.
Loss of weight on exposing nonahydrate to a temperature of 80°=
19433 : -
| ¢, H,0,,N,Mg,9H,0 requires TH,0=1962 per cent,
The anhydrous salt, [ C,Hy(NO,); 0], Mg, is obtained when any of the
above hydrates are heated to a temperature of 150°:
Found, N=17-32,
CoH,0,NgMg requires N 17-53 per cent.

This salt explodes very feebly at 367—3872°,

Calcium Picrate.

Previous workers.—Chevreul, Liebig, Marchand, Tschelzoff.

According to Marchand, the crystalline salt is a pentahydrate;
Tschelzoff gives a formula containing 6H,0. The present Work shows
that the crystals consist of a decahydrate

Decahydrate, [CgHo(NO,),* 0]203. 10H,0, crystallises from a hot

concentrated solution, on cooling, in yellow plates :

Found, N'= (I) 1259 ; (IT) 12-37. H,0=(I) 26:95 ; (II) 26-03.

C,oH,0,,N;Ca,l0H,0 requires N = 12 45; H,O= 26 63 per cent.

Pentahydratet, [ CoH,(NO,),0],Ca,5H,0, appears to be formed when
the anhydrous salt is exposed to the air (preparation I) or to an
abmosphere 75 per cent. saturated with moisture at 25° (prepara.tlon
IT).

Increase in weight of anhydrous salt: (I) 17:50, 17-07 ; (II) 17-00 :

[C,H,(NO,);°0],0a requires for 5H,0 an increase of 18:15 per cent.

The anhydrous salt is produced when the decahydrate is heated to
80°:

Found, N=16" 56 16-67.

C,,H OMN Oa requires N=16- 97 per cent,

It is a yellow powder, which explodes violently at 3235—3289.'

Strontmm Pwmte

| Prevmue Workers-——-Ghevreul Marehand Rleekher, Ga,hours von
| Rath, Tschelzoff,
‘Ma,rcha.nd and wvon ’Ra.th found the sa.lt to contain S5H,0; the
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former showed that one molecule of water remained on heating to 160°.
Tschelzoff found 6H,0, and Rieckher gives data which would corre-
spond with 6H,0 if the salt be assumed to lose all its water at 130°,
The present work confirms Marchand’s results.

Pentahydrate, [ CgH,(NO,)-0],8¢,5H,0, crystallises in yellow needles
from a hot concentrated solution (preparation I); it is also formed
when the monohydrate is exposed to the air (preparation IT), or to an
atmosphere 75 per cent. saturated with moisture at 25° (preparation
IIT) :

Found, N = (I) 13-29 ; 13-48.

CioH,0,,NSr,5H,0 requires N = 1329 per cent.

Increase in weight on exposing monohydrate to air = (II) 13-00;
(I1T) 13-18 ;

01, H,0,, N Sr, H,0 requires for an addition of 4H,0 an increase of
12+82 per cent.

The monohydrate, [C{H,(NO,),"0],8r,H,0, is obtained when the
pentahydrate is exposed to a temperature.of 80°: '

Found, N'=14-70 ; 1470.

CoH,0;,,NSr, H,0 requires N =14-99 per cent.

Loss of weight on heating pentahydrate =1179 ; 1175.

01oH,0,,NeSr,5H,0 requires (for a loss of 4H,0) 11-37 per cent,

The salt is a yellow powder, which explodes fairly violently at
340—345°, |

The anhydrous salt, [C H,(N 0,);:0],8r, is obtained when either of

the foregoing salts is heated to 200°% but even at this temperature
the water is expelled with difficulty : o

-Found, N=1540 ; 15-40.
| CyoH,0, NeSr requires N =15'49 per cent.

Barium Picrate.

Previous workers—Chevreul, Liebig, Dumas, Marchand, Schunck,
Laurent, Rieckher, Cahours, Carey Lea, Post and Mehrtens,
Tschelzoff, Cook. ,

The analytical data show considerable discrepancies; those of
Liebig correspond with 24—41H,0. Post and Mehrtens found
4H,0 ; Marchand and Rieckher, 5H,0 ; Laurent and Tschelzoff, 6H,0 ;-
Cook, 3H,0 and 5H,0, and Marchand and Tschelzoff also obtained
evidence of the formation of a monohydrate on heating. The present-
work confirms the existence of only one definite hydrate. . - I

The pentahydrate, [CyH,(NO,),+0],Ba,6H,0, crystallises from a

centrated aqueous solution in yellow, prismatic needles: -
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Found, N=12'14. H,0=1323.

C,,H,0,,N;Ba,6H,0 requires N=12'29 ; HyO=13'17 per cent.
The an hdrous salt, [C,Hy(NO,),'0],Ba, is obtained when the
| pentahydrate is exposed to a temperature of 80°:

Found, N =14-09.
C,,H,0,, N Ba requires N 1419 per cent.

The salt is a yellow powder, which explodes with moderate
vioclence at 333—337°. On being exposed to the air or to an
atmosphere 75 per cent. saturated with moisture at 25° an inter-
mediate hydrate appears to be formed; thus the increase of weight
corresponded with the addition of :

In the air of the la,boratory, (I) 45H,0 ; (II) 4'65H,0.
In moist atmosphere (75 per cent. saturated at 25°), 4-6H,0.

Zine Picrate.

Previous workers—Marchand, Carey Lea, Miiller, Tschelzoff.

Marchand believed he obtained salts containing 8H,0, 5H,0, 2H,0,
and H,O, but the analytical data show great discrepancies,

Tschelzoff’s zine determination points to the presence of 9H,0, but
the loss of weight corresponds wmore nearly with 8H 0. -Miiller
investigated the double picrate of zinc and sodium. The present work
has shown the existence of salts containing 9H,0, 6H,0, and 2H,0.

Nonahydrate, [C, Hg(NOi,‘)3 0],Zn,9H,0. ~—-Thls separates from the
concentrated solution in yellow, prismatic needles : |

-Found, N=1241; 12-40,

‘ C,,H,0,,N;Zn,9H,0 requires N =12-32 per cent. _
Hexahydrate, [CgH,(NO,),°0],Zn,6H,0.—This was formed by
exposing the anhydride to an atmosphere 75 per cent. saturated with

moisture.
Increase in weight of anhydrous salt = 2050 :
~ CpH,0,NiZn requires the addition of 6H,0=20"72 per cent.
In the air of the laboratory, the amount of moisture absorbed was

rather less (5°4 and 5-6 molecules).
- The dikydrate, [ OgH,(INO,),"0],Zn,2H,0, is formed when the pona-
hydrate is heated to 80°: |

Found N=(I) 15'11 ; (II) 15'04.

012H 0,,NeZn,2H, O 1equ1res N=15'1

oss of Welo'ht on exposmg nonahydmte to a temperature of 80°=
4;
H, OMNGZn,f)H 0o reqmres (for a 1os§ of TH,0) 1844 pe1 cent,






