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INTRODUCTION

Sodium nitroprusside, first prepared in 18501, has been
used for over a century as a reagent in the qualitative and

227



Vol.30 No.4 RUSSIAN CHEMICAL REVIEWS April 1961

quantitative analysis of organic and inorganic compounds.
Its use is not yet fully developed, however, and has been
increasingly investigated by analysts in recent years. The
compound and its analytical applications feature little in
Soviet and foreign literature; it is still not widely enough
used in analysis, although it is cheap and available in any
analytical laboratory, being manufactured in quantity in
the Soviet Union. A review of problems connected with
the increased analytical use of known reagents is of con-
siderable scientific and practical interest2, and in this
connection a survey is presented of sodium nitroprusside
and its analytical applications.

I. PREPARATION

Most of the preparative reactions described are between
sodium ferro- or ferri-cyanide and nitric acid3"7 or
sodium nitrite8"1 3. Present-day preparations14 likewise
involve passage of oxides of nitrogen through sodium ferro-
or ferri-cyanide solution8, and the reaction between sodium
nitrate and potassium ferrocyanide solution in the presence
of sulphuric acid and ferric chloride15. Nitroprussides
are formed when potassium ferrocyanide and potassium
chlorate interact16, and when potassium ferricyanide and
calcium hypochlorite are heated together in solution17.
Instead of the hexacyanoferrate complex, mercury18,
sodium19, and potassium9 cyanides may be used as starting
materials, together with various iron compounds. Sodium
nitroprusside was originally prepared from gaseous thio-
cyanates, formed by heating a mixture of tar and sulphur20.
Electrolysis of potassium ferrocyanide solution also yields
nitroprussides17.

II. STRUCTURE

The accepted general formula R2[Fe(CN)5NO] is based on
many studies4»8'9'15'21"33, but the structure is not clear.
Some authors consider the NO group to be charged nega-
tively34, others positively35; this is considered in recent
monographs on co-ordination compounds3e>37. Bailar37

considers the possibilities of the NO group bearing positive,
negative, or zero charge, and suggests that it is doubly
bonded to the metal atom. Grinberg88 relates nitroprus-
sides to the pentacyanomonoammines, and suggests that the
molecule NO is covalently bonded to the iron(in) atom.
Sas3 9 considers the iron atom to be divalent, one CN group
being bonded to it through nitrogen and the rest through
carbon. There is clearly no firm indication yet of the
structure of the ion, the valency of the ion, or its bonding
with the ligands.

ΠΙ. PROPERTIES OF SODIUM NITROPRUSSIDE

The compound crystallises readily from aqueous solu-
tions as ruby-red prisms of specific gravity 1.71, which
dissolve in water (1 :2.5) at 16° to give a dark red solution,
but are not soluble in absolute ethanol1»14. They belong to
the bipyramidal class of orthorhombic symmetry40, and
their crystallographic parameters, coefficient of expansion,
hardness, refractive index, and magnetic susceptibility are
known21. Sodium nitroprusside has two molecules of water
of crystallisation and the crystals do not deliquesce in air 1 .
At 98°-99c, 1.5 water molecules are lost at first, and the

rest gradually. In air at 15°-17°, the anhydrous salt
readily reverts to the dihydrate21. The dihydrate is also
reported14 not to lose water at 100°, to lose half of it at
115°, and to decompose on further heating21. Hofmann24

considers loss of water to be complete after 6 h at 110°,
further loss of weight at 160° being due to decomposition.
At 200° cyanogen and oxides of nitrogen are evolved,
leaving a residue of the ferrocyanide type41. Heating to
440° in a sealed vessel causes yellow-brown crystals of
formula Na2Fe(CN)4 to be formed25.

The absorption spectra of sodium nitroprusside solution
have two maxima in the ultra-violet21, and one in the infra -
-red42. From Values of cryoscopic constants21»82 and the
conductivity of solutions at different temperatures, the
mobility of the nitroprusside ion has been calculated Ά.

The colour of solutions kept in colourless and brown
bottles changes to dark blue in sunlight, but does not change
in darkness21»48»44. Investigations of the mechanism of
this change have led to varying results; the products are
considered by some authors to be Prussian blue and
oxides of nitrogen44, by others to be Prussian blue and
hydrogen cyanide21»45, or sodium cyanide, nitric oxide, and
Prussian blue46. The photosensitivity of sodium nitroprus-
side solution is twenty times greater than that of potassium
ferricyanide solution, and may be increased about another
twenty times by the addition of ferric chloride; the pro-
ducts of photo-de composition in the latter case have been
shown to be diverse4 8"4 7. The sensitivity to sunlight of
the nitroprussides of uranium, silver, iron, and mercury
has been studied48. Crystals of sodium nitroprusside
decompose to sodium nitrate and cyanide, hydrogen cyanide
and ferrous cyanide49.

Chlorine attacks sodium nitroprusside solutions at room
temperature, slowly in darkness, but more rapidly in sun-
light to give cyanogen chloride, ferric chloride, sodium
chloride, and hydrochloric acid50. Hydrogen peroxide and
sodium nitroprusside react to give oxygen51 and sodium
pentacyanoaquoferrate(in)52. Alkaline potassium perman-
ganate solution gives ferric cyanides and nitrates M . Bromine
at 120°—140° gives hydrogen cyanide, carbon dioxide, sodium
bromide, and ferrous and ferric pentacyano-complexes15.

Boiling aqueous solutions of sodium nitroprusside evolve
nitric oxide at a rate sharply increased by the passage of a
stream of oxygen54. Thus, oxidants decompose sodium
nitroprusside entirely or cause other pentacyano-complexes
of iron to be formed.

Hydroxylamine converts sodium nitroprusside to com-
plexes of composition dependent on the pH and tempera-
ture 24>S5>M. Sodium nitroprusside is reduced by alkaline
phenylhydrazine solution to sodium pentacyanoaquofer-
rate(n), by sodium bisulphite to sodium pentacyanomono-
ammineferrate(II)24, and by metallic sodium in alkaline
media to a compound resembling a ferrocyanide in its
composition15. The products from sodium nitroprusside
and sodium amalgam and the zinc-copper couple have been
studied15,57. Hydrogen does not affect sodium nitroprus-
side1 5; attempts to hydrogenate it in the presence of
platinum black gave no definite results5 8. The successive
reactions between sodium nitroprusside and hydrogen sul-
phide have been studied 21» 59>60. Reducing agents usually
lead to the formation of other complex compounds.

Inorganic acids, and their mixtures with ethanol or
potassium permanganate, decompose sodium nitroprus-
side 57>81. Caustic alkalis and alkaline-earth hydroxides
cause an intense yellow colour, due to NajFeiCN^NOj;21»62
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the corresponding silver salt has been studied61. Spectro-
scopic study of the reaction with sodium hydroxide indicates
the equilibriumes:

[Fe(CN)5NO]2- + 2OH" ^ [FeiCN^NO.,]4- + H2O.

On heating solutions containing sodium nitroprusside and
sodium hydroxide, iron and sodium cyanides, nitrates,
and other decomposition products are formed M5»22»28.
Masai' skii64 showed that ferrous complexes are formed,
of composition depending on the temperature and the con-
centration of alkali. The yellow coloration is not pro-
duced by solutions of ammonia, bicarbonates, or car-
bonates62; ammonia gives sodium cyanamide85»68, sodium
pentacyanomonoammineferrate(n)67>68, or disodium am-
monium pentacyanomonoammineferrate(n)87. Sodium
nitroprusside rendered anhydrous at 160° takes up two
molecules of ammonia60.

Sodium nitroprusside reacts with potassium cyanide to
give potassium ferro- 15»24 or ferric-cyanide8, but does
not react with phosphites, hypophosphites, orantimonites24.

Potassium, silver, copper, iron, zinc, calcium, and
ammonium nitroprussides were first prepared and studied
by Playfair1. Cadmium, mercury, cobalt, and nickel
nitroprussides were prepared later70, and the product of
the reaction between sodium nitroprusside and mercuric
oxide was studied 71. The reactions between sodium
nitroprusside and copper, nickel, and cadmium salts in
the presence of pyridine yield the compounds72:

[CuPy2][Fe(CN)5NO], [NiPy4][Fe(CN)5NO],
and [CdPy2][Fe(CN)5NO].

Methyl, ethyl, and propyl nitroprusside derivatives
have been prepared and studied81. Tetramethyl and tetra-
ethyl nitroprussides, prepared from the corresponding
amines, form sparingly soluble ruby-red prisms78. The
alkylation of nitroprussic acid yielded tetramethylammon-
ium, diethyl, pyridinium, and benzidinium nitroprus-
sides74. The mechanism of formation, and the properties,
of compounds from sodium nitroprusside and arylhydroxyl-
amines75, methylamine, ethylenediamine, and pyridine in
the presence of ammonia76 have been studied. Compounds
of sodium nitroprusside with barium formate77, hexa-
methylene tetramine78, and urea79 are described. The
properties have been studied of crystalline compounds
formed from nitroprussides and the potassium salts of
alkynes 80.

IV. ANALYSIS OF SODIUM NITROPRUSSIDE, AND ITS
USE AS AN INDICATOR

The nitroprusside ion may be detected by various micro-
chemical reactions81. Sodium nitroprusside is estimated
volumetrically with cadmium nitrate82, and its argenti-
metric estimation is used for potentiometric titration88.
Mercurimetric estimation is used M, and a determination
based on the reaction between sodium nitroprusside and
sodium tetracyanonickelate is described 85. Polarography
has been applied successfully86"88.

Sodium nitroprusside is used as an indicator in the
volumetric determinations of halides89,90, cyanides 89, and
nitroprussides of alkali metals82, the titration of ammon-
ium mercaptide with potassium ferricyanide91, and the
estimation of mercuric acetate in non-aqueous solvents92.
Its use as an indicator is proposed in the mercurimetric

estimation of chloride formed on the hydrolysis of chloro-
butanol98, and it is used in conjunction with certain dyes
as an indicator in the estimation of reducing sugars94.

V. ANALYSIS OF INORGANIC COMPOUNDS

The cyanide ion may be detected through the formation
of the nitroprusside ion 95. Very sensitive microchemical
tests for zinc96 and palladium97 depend on the precipita-
tion of the nitroprussides with sodium nitroprusside, the
zinc salt forming characteristic crystals. The formation
of metal nitroprussides is used for the volumetric estima-
tion of nickel98 and copper99 and the gravimetric estima-
tion of silver100. Errors are avoided in the conductimetric
titration of heavy metal ions with nitroprusside if ethanol
is present101.

The intense yellow colour given by sodium nitroprusside
and caustic alkalis or alkaline-earth hydroxides serves to
indicate the presence of these compounds21. At room
temperature, arsenious oxide dissolved in 20% sodium
hydroxide solution gives an intense dark red colour with
sodium nitroprusside, although sodium arsenite gives no
colour under these conditions 102,108.

A year before nitroprussides were first synthesised,
Gmelin21 observed the colour given by sulphides with the
product from nitric acid and "red blood salt" [presumably
potassium ferricyanide (Ed. of Translation)], so that the
formation of the sulphide-nitroprusside colour was called
Gmelin's reaction. Playfair described this reaction in the
first description of the synthesis of nitroprussides1. Con-
ditions for the analytical use of the reaction were later
studied in detail; the optimum concentrations of the re-
actants were established, the reaction was studied in
neutral, alkaline, and acid solution, and in the presence
of glycerol, ethanol104, and phosphates105, and the in-
fluence of respective concentrations was investigated108.
The colour is given by hydrogen sulphide only with alkaline
solutions104, so that to test for this gas in air, filter paper
moistened with ammoniacal sodium nitroprusside solution
has been proposed; a purple-violet colour is produced107.
The sulphide-nitroprusside colour is given in the presence
of not only caustic alkalis and ammonia, but also car-
bonates, borates, silicates, and phosphates, so that it
may be used to indicate alkalinity108. The colour given
by hydrogen sulphide and sodium nitroprusside in the pre-
sence of magnesium or calcium carbonate is used to detect
sulphides in mineral water109. Alkaline solutions of poly-
sulphides mixed with sodium nitroprusside transmit purple
light, but reflect blue light10. The sensitivity of the
sulphide—nitroprusside reaction has been recorded2i,"°,m.
The mechanism of the reaction has been much studied;
Scagliarini and his coworkers112"116 investigated it, as
well as the products of the decomposition of the coloured
complex, the composition of which they showed to accord
with the formula Na4[Fe(CN)5NOS]. pther workers ss>117

studied the reaction mechanism, and suggested the struc-
ture117:

Na

Scagliarini confirmed the theoretical basis for this struc-
ture118. Later work119 showed the coloured complex of
Gmelin's reaction to be (Na6[Fe2(CN)8S2])n. Gmelin's
colour reaction is used for the potentiometric estimation
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of sulphides112»120 or the spectrophotometric estimation of
small quantities of sulphide ion 1 2 1 .

The rose colour given by sulphites and sodium nitro-
prusside is intensified by ferrocyanides and zinc salts 1 2 2 .
The effects on this reaction of reagent concentrations,
pH, and other cations have been studied in detail 1 2 8. The
detection of sulphur dioxide in gases has been described124,
using zinc nitroprusside suspension on a glass rod. The
sulphite - sodium nitroprusside colour is used to detect
sulphur dioxide in drops of sulphite cellulose extract 1 2 5,
and for the photometric estimation of small amounts of
sulphite1 2 1. The additive formation of the coloured ion
[ ] 4 - has been suggested 1 1 β , 1 2 β .

Mixtures of sodium thiosulphate and nitroprusside solu-
tions remain colourless in darkness, but direct sunlight
produces a dark blue colour2 1, used to detect thiosul-
phates 9 5 . A drop method for this detection has been pro-
posed, so that sodium nitroprusside may be used for the
consecutive drop analysis of a mixture of sulphide, thio-
sulphate, and sulphite ions in the presence of sulphate1 2 7.

A yellow colour results from sodium nitroprusside and
sodium tetrathionate in the presence of alkali metal car-
bonates, becoming green after several hours; the change
is more rapid in sunlight, while the-colour disappears
again in darkness 1 2 8 . Sodium nitroprusside and alkaline
sodium hydrosulphite solutions give a red colour1 2 8.

The colour reaction between potassium thiocyanate and
sodium nitroprusside has been studied in alkaline and acetic
acid solutions; formation of the ion

r /OH γ-
Fe(CN)5N(

L XSCNJ

was suggested by Tarugi 1 3 0. Data concerning the reaction
mechanism were reviewed critically in the light of the part
played by the NO group in the nitroprusside ion 1 3 1, but the
criticism was refuted by Tarugi, who had investigated the
mechanism1 8 2.

The literature indicates that the use of sodium nitro-
prusside for the qualitative and quantitative analysis of
cations is based on the formation of insoluble nitroprus-
sides. A series of anions, all sulphur-bearing, give
colorations with sodium nitroprusside, sometimes only
after exposure to sunlight. Studies of reaction mechanism
indicate that the anions become attached to the NO group,
or replace it.

VI. ANALYSIS OF ORGANIC COMPOUNDS

Sodium nitroprusside is widely used as a reagent for
organic, analysis. Copper nitroprusside, obtained from it,
was used in 1857 to detect artificial essential oils, par-
ticularly turpentine1 S S. Small quantities of pyruvic acid
are detected and estimated colorimetrically with sodium
nitroprusside1 3 4; in alkaline solution the latter undergoes a
colour reaction with cyclic hydrocarbons, suggested as due
to co-ordination of these to the nitroprusside ion 1 3 5. Iso-
phorone is estimated colorimetrically by means of its colour
reaction with sodium nitroprusside 1 8 6. Halogen deri-
vatives of some aliphatic amines are detected by means of
the colour formed on successive addition to their solution
of sodium nitroprusside, caustic alkali, hydrochloric acid,
and ferric chloride1 3 7. An alkaline solution of cane sugar
and sodium nitroprusside becomes yellow-brown onboiling,

while glucose and invert sugar give this colour at room tem -
perature or at 50°-60° . l 8 8 Sodium nitroprusside is used in
the microanalysis of organic compounds containing reactive
methylene groups 1 8 e. Sodium nitroprusside solution, hydro -
gen peroxide, and benzene react in sunlight to give a green
colour in the benzene layer, due to o-CeH4(OH)(NO).140

The use of sodium nitroprusside as a reagent for alde-
hydes and ketones has been studied in detail. Alkaline
formaldehyde solution gives an amber colour7, due to the
compound129:

Ο
11

Na 4Fe(CN) 5-N-C = N-(CN)5FeNa4.19H2O.
1 I

OH OH

If alkaline formaldehyde solution is treated with sodium
nitroprusside and phenylhydrazine in hydrochloric acid,
a blue coloration appears which becomes red on addition
of ferric chloride and concentrated hydrochloric acid, and
then orange 1 4 1; formaldehyde is estimated in this way142.
A colour reaction was later demonstrated between sodium
nitroprusside and formaldehyde in the presence of hydroxyl-
amine 1 4 8 . Legal1 4 4 discovered the colour given by acetone
and sodium nitroprusside in alkaline or acetic acid solution,
and Bitto 1 4 5 showed that many aldehydes and ketones maybe
detected thus; acetyl compounds are also detected1 4 6, but
compounds in which the carbonyl group is directly bonded
to -OH, -OR, -OM, -NH 2 , and - C l groups give a nega-
tive reaction 1 4 7. Cambi 1 4 8, 1 4 9 separated and examined the
product from sodium nitroprusside and acetone, and sug-
gested that acetone and some other ketones form coloured
compounds by addition to the NO group. Other workers
investigated the mechanism of the Legal reaction1 5 0»1 5 1, the
conditions for its occurrence being studied in detail with
aliphatic and cyclic aldehydes and ketones1 5 2, acetone1 5 3,
acetaldehyde V5 1>1 5 8, 2-oxopropan-l,3-diol, methyl-
glyoxal154, and acetophenone155. Stanley158 established
the sensitivity of the reaction, and the absorption maxima of
the coloured solutions, for many ketones. Rosenthaler1 5 7

used the Legal reaction to detect citral, citronellol, vinyl
acetate, and vinyl ether, and Tanabe and Kamiya158 used it
to detect benzimidazole, quinoxaline, quinazoline, adenine,
methionine, and uric acid. It is used to verify the authen-
ticity of pharmaceutical Chloretone [l,l,l-trichloro-2-
-methyl-2-propanol]and Lobeline [Af-methyl-2-(j3-hydroxy-
-/3-phenylethyl)-6-phenaryl-piperidine] preparations, which
are degraded to ketones by strong alkali1 5 9. Methods of
macro- and spot-test analysis with sodium nitroprusside
have been proposed for Novarsenol fNeosalvarsan; Neo-
arsphenamine; sodium 3,3'-diamino-4,4'-dihydroxyarseno-
benzenemethanalsulphoxylate], differentiating this from
organic arsenicals of similar structure 1 6 0 . The applica-
bility of the Legal reaction to the analysis of compounds
which are not aldehydes or ketones is therefore evident.

The sodium hydroxide used in the Legal reaction may
be replaced by other bases; aldehydes give a colour re-
action with sodium nitroprusside and trimethylamine1 β 1,
while the colour given by sodium nitroprusside, ethylamine
or ethylenediamine, and acetone distinguishes the latter
from formaldehyde and acetaldehyde162. Diethylamine and
piperidine intensify or modify the colour produced in alkaline
solution by sodium nitroprusside and 2-oxopropan-l,3-diol
or methylglyoxal154. Sodium nitroprusside and piperidine are
used to detect acrolein, acetaldehyde, and some other alde-
hydes 1 6 S >164; compounds containing the CHSCO - , C2H5CO - ,
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and CSH7CO- groups give a red colour under these condi-
tions, but the CeH5CO- group gives no colour1ββ. A blue
colour is given by a mixture of nitroprusside, piperazine,
and piperidine and ethyl, propyl, or allyl aldehydes167.
Some ketones may be detected with sodium nitroprusside
and hydroxylamine148. Sodium nitroprusside is used to
detect ketones mixed with alcohol168 and in the chromato-
graphic analysis of acetone169, and has been examined in
detail as a means of detecting acetone in Pharmaceuticals
containing volatile oil of mustard [allyl isothiocyanate (Ed.
of Translation)]170"174.

The Legal reaction is used to identify organic compounds
which may be oxidised or reduced to aldehydes. Acetalde-
hyde vapour, from the reduction of chloral with hydrogen,
is identified with filter paper moistened with sodium nitro-
prusside and piperidine175. Feigl176 modified this to a
spot reaction by using filter paper moistened with sodium
nitroprusside solution containing morpholine, and used
this to detect the decomposition products of nitroethane177,
Ν -ethyl and propyl derivatives178, traces of ethanol179, and
acetic acid impurity in formic acid1 8 0. Acrolein in air
has been detected181»182 by its we 11-investigated colour re-
action with sodium nitroprusside in the presence of piperi-
dine1 6 3. Isopropanol is detected, after oxidation to acetone
with potassium dichromate solution, with sodium nitro-
prusside in the presence of ammonia and ammonium chlor-
ide 1 8 S. The oxidation products of some alcohols are detected
with sodium nitroprusside, piperazine, and piperidine167.
Formic acid and sodium bisulphite react to give dithionous
acid, which gives a green or dark blue colour with sodium
nitroprusside184. The structure is described of the coloured
reaction products from acetic acid and ethyl acetate and
sodium nitroprusside in the presence of ammonia and ali-
phatic amines1 8 5. Butyric acid is detected by oxidation
with hydrogen peroxide to acetoacetic acid, identified by
the Legal reaction186; lactic acid may be detected with
sodium nitroprusside after dehydration167 or oxidation of
silver lactate to acetaldehyde with iodine187. Viala and
Grignon188 identified lactic acid in Pharmaceuticals by oxi-
dation with bromine water to pyruvic acid, which gives a
colour reaction with sodium nitroprusside189. Citric acid
is identified after conversion to acetonedicarboxylic acid
with acetaldehyde and concentrated sulphuric acid190.

These colour reactions with aldehydes and ketones in
the presence of aliphatic and heterocyclic amines are used
to detect the latter. The colour reactions between sodium
nitroprusside and methylamine, dimethylamine, ethylamine,
and other aliphatic amines, in the presence of acetone, have
been studied together with the structures of the coloured
compounds191. A spot test for identifying secondary ali-
phatic amines with sodium nitroprusside in the presence of
acetaldehyde192 is used to detect secondary aliphatic and
heterocyclic amine impurities in primary and tertiary
amines193 and to identify secondary amines and ptrimary
alkylamines194. Aqueous-alcoholic sodium nitroprusside
and propionaldehyde or acetaldehyde are used for the
systematic identification of amines1 9 5.

A characteristic colour change occurs when a weakly
alkaline solution of diethylamine, sodium nitroprusside,
and potassium ferricyanide is heated and then cooled196.
Sodium nitroprusside is used together with potassium
ferricyanide and phenylhydrazine to identify l-phenyl-2-
-methylaminopropane, and together with acetone to identify
l-phenyl-2-aminopropane197. The NO group is replaced
when sodium nitroprusside reacts with alkaline solutions
of hydrazine, phenylhydrazine, ethylamine, and diethyl-

amine1 9 8. An alkaline or acetic acid solution of phenyl-
hydrazine, glucose, and sodium nitroprusside acquires a
characteristic colour199.

Sodium nitroprusside gives colour reactions with some
organic compounds containing sulphur. After hydrolysis
with sodium hydroxide solution, carbon disulphide and
mustard oil form coloured compounds with sodium nitro-
prusside similar to those of sulphides 20°. The method of
detecting mercaptans with sodium nitroprusside21 has been
modified for the detection of small amounts201, and the
estimation187, of sulphydryl derivatives, and is used for
detecting organic sulphides in petroleum202 and to test
the authenticity of the sulphur-bearing pharmaceutical
Unithiol [sodium propan-2,3-dithiol-1-sulphonate]203. No
colour reaction is given with aromatic sulphides204.

Hofmann investigated and proposed a structure for the
coloured compound formed by sodium nitroprusside and
thiourea27; Cambi205 reviewed this work critically and pro-
posed a different structure. A solution of sodium nitro-
prusside, thiourea, and mercaptans assumes a charac-
teristic colour in sunlight206»207. Okuma208 used a colour
spot test for thiourea and thiosemicarbazide with sodium
nitroprusside and hydroxylamine. A more specific and
sensitive test using sodium nitroprusside alone was
developed for thiosemicarbazide later, whereby it may be
distinguished from thiourea and thiosemicarbazones209; this
test may be modified for application to the pharmaceutical
thiosemicarbazones Thibone [Thiacetazone, or 4'-formyl-
acetanilidethiosemicarbazone (Ed. of Translation)] and
Cutisone [4-formylcumenylthiosemicarbazone]210. Sodium
nitroprusside is used in spot tests for thioethers and thio-
ketones in Pharmaceuticals and biological matter, which
yield sulphides on fusion with sodium hydroxide211. The
same test is used for onion and garlic phytoncidal prepa-
rations2 1 0. Organic compounds containing sulphur may be
detected on filter paper, after reduction with sodium in
liquid ammonia, with sodium nitroprusside212.

A ruby red colour is given by alkaline creatinine solu-
tion and sodium nitroprusside213, which disappears on
acidification with acetic acid, and on subsequent heating
becomes green1 4 5 and then blue; a blue deposit is finally
produced214. The reaction mechanism215, the optimal
conditions, and the effect of pH have been investigated216.
Creatine, guanidine, and glycine give no colour reac-
tions2 1 3. A solution of sodium nitroprusside, turned
yellow-brown by sunlight, gives a red colour with cr.eatine,
guanidine, and their methyl derivatives217.

Sodium nitroprusside has been examined as a reagent
for phenols and primary aromatic amines. Aqueous or
alcoholic phenol solutions, mixed with concentrated sul-
phuric acid and crystalline sodium nitroprusside, assume
various colours according to the nature of the phenol,
changed by addition of ammonia218. Colour reactions with
phenols in the presence of caustic alkalis have been des-
cribed129; ammoniacal pyrocatechol solution gives a
cherry red colour219. Phenol derivatives and sodium
nitroprusside give blue or green colours in the presence of
caustic alkalis and hydroxylamine220. Aqueous sodium
nitroprusside solution, illuminated with ultra-violet light,
is used as a macro- and spot-reagent for aniline221,
whereby a simple method of analysis has been devised for
antifebrin and phenacetin in medical preparations; the
latter is detected in them by this means222. Sodium nitro-
prusside and potassium ferricyanide are used for the
macro- and spot-detection of novocaine223. For the ana-
lysis of sulphanilamide preparations, mixtures of sodium
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nitroprusside, sodium hydroxide, and potassium perman-
ganate224 ordiphenylamine, sodium nitroprusside, and con-
centrated sulphuric acid225 are proposed. Reduction pro-
ducts of some sulphanilamide preparations may be detected
with sodium nitroprusside paper2 2 8. A later colour reac-
tion for sulphanilamide is used for the systematic qualita-
tive analysis of such preparations227.

Sodium nitroprusside is used as a reagent for hetero-
cyclic compounds and some biologically active natural
products; α-substituted pyrroles give characteristic
colours228, and alkaline indole solution assumes a muddy
brown colour which acetic acid converts to blue 1 1 4 .
Methyl indole gives a violet colour under these conditions
only when the acetic acid solution is boiled187. The reac-
tion of sodium nitroprusside with antipyrine229, and its
coloured products with antipyrine 280,2Si and pyramidone 2S2

in the presence of iron salts, are described. Regitine
[2 -(N'-p -tolyl-N'-m -hydroxyphenylaminomethyl)-2 -imid-
azolinej has been detected with sodium nitroprusside Μ 8 ,
and the method has been modified for the identification of
imidazole derivatives234 and their colorimetric estimation
in Pharmaceuticals235. Hydantoin reacts with alkaline
sodium nitroprusside solution to give the coloured com-
pound NajCCN^FeNOCH.NH.CO.NH.CO], which is hydro-

lysed to parabanic acid [oxalylurea] and hydroxylamine888.
2,3-Dimethylbenzothiazole gives an intense dark blue
colour with alkaline sodium nitroprusside237.

Wachsmuth238 suggested that the colour reaction be-
tween sodium nitroprusside and isonicotylhydrazide be
used to test the authenticity of pharmaceutical preparations
of Tubazid [isoniazid or isonicotinic acid hydrazide]239.
Sodium nitroprusside is used for the spectrophotometric
estimation of isonicotinic nitrile2 4 0, the colorimetric
estimation of pyrazinamide 2 4 1, and the gravimetric esti-
mation of pharmaceutical preparations of Chlorpromazine
(Aminazine) [2-chloro-10-(3 -dimethylaminopropyl)-pheno-
thiazine]242. The microchemical reaction of sodium
nitroprusside with Demerol [ethyl-l-methyl-4-phenyl-
piperidine-4-carboxylate] has been described248.

Dilute sodium nitroprusside solution is coloured pink
by coniine187. The composition and properties have been
studied of the compounds formed by sodium nitroprusside
with strychnine, brucine, quinine, andquinidine'244. Sodium
nitroprusside is used in the microanalysis of strychnine M*
and brucine M e . A colour reaction with sodium nitroprusside
is used to detect methylnarceine impurity in narceine2 4 7.
Feigl and Silva248 used a micro-method of detecting
ephedrine based on a reaction between its decomposition
products and sodium nitroprusside solution containing
morpholine. Solutions of vitamin Bx and sodium nitroprus-
side give a greenish colour when alkaline, turning violet on
acidification and then pale blue2 4 9. Sodium nitroprusside
forms red compounds with cardiac glycosides, the aglycbnes
of which contain an unsaturated five-membered lactonering
in the side chain (digitalis, strophanthus, and oleander
glycosides); no colour reaction occurs with aglycones con-
taining an unsaturated six-membered lactone ring (sea
onion glycoside)178. This reaction is used also by the
pharmacopeia250 as a tentative test for the authenticity of
crystalline cardiac glycosides and pharmaceutical prepara-
tions in which they are present. Dihydrostreptomycin
is estimated colorimetrically with sodium nitroprusside
and potassium ferrocyanide251.

Division into three groups of the reactions between
sodium nitroprusside and organic and inorganic compounds

has been proposed: (1) those involving addition of inorganic
ions or organic molecules to the NO group, giving compli-
cated complex anions; (2) those involving replacement of
the NO group by NHS or H2O to give new pentacyano -
-complexes, which then form coloured compounds with
organic substances; and (3) those involving replacement
of the CN group, as with hydroxylamine252. The reactions
considered above belong mainly to groups (1) and (3). The
use in analysis of other iron pentacyano-complexes, first
obtained by Hofmann27 from sodium nitroprusside, has
been considered. Sodium pentacyanoaquoferrate(n) and
pentacyanoammineferrate(n) are used to analyse thio-
ketones and thioaldehydes258, aromatic nitroso- and nitro-
-compounds, hydrazine derivatives254, aromatic and
a- and β-unsaturated aldehydes255, and derivatives of
imidazole25e and pyrazinamide24X. Grote2 0 e showed that
sodium pentacyanoaquoferrate(m) forms coloured com-
pounds with sulphydryl derivatives; Grote's reagent
is used for the colorimetric estimation of thiouracil257,
methylthiouracil258, and other sulphur-bearing organic
compounds259. Sodium pentacyanoaquoferrate(III) is
used in the spot testing of primary aromatic amines2 6 0.
Herington261"888 studied the composition, properties, and
mechanism of formation of the reaction products from
sodium pentacyanoammineferrate(m) and aromatic amines.
Iron pentacyano-complexes and hydrogen peroxide are
used for the qualitative analysis of some sulphur-bearing
organic compounds and primary aromatic amines2 8 4 and,
together with hydroxylamine, for detecting thiourea, thio-
semicarbazide208, and phenol derivatives220.

It is clear from the above that sodium nitroprusside has
been most thoroughly investigated as a reagent for alde-
hydes and ketones, and compounds which may be converted
to them. It is also used in the analysis of hydrocarbons,
phenols, amino-derivatives, sulphur compounds, hetero-
cyclics, and other organic compounds. Irradiation of the
solution with ultra-violet light may be used, or other re-
agents may be added — potassium ferro- or ferri-cyanide,
hydrogen peroxide, phenylhydrazine, hydroxylamine, or
ferric chloride. Other iron pentacyano-complexes may be
used. Interaction of sodium nitroprusside and organic com -
pounds involves either replacement of the NO group or the
addition of the organic compound to the complex anion.
Sodium nitroprusside cannot be regarded as a general re-
agent for defined groups of organic compounds since dif-
ferent conditions are needed for the analysis of each one,
and varying colours are produced by the compounds in any
group.

Vn. BIOCHEMICAL ANALYSIS

Sodium nitroprusside is used to detect compounds bear-
ing sulphydryl groups in tissues2 8 5. The influence of pH,
and its optimal value, have been determined216; the re-
action mechanism between sodium nitroprusside and
cysteine has been studied268. This reaction has been
studied spectrophotometrically121 and used for the colori-
metric estimation of cysteine in cystine287. Cysteine
gives no colour with sodium nitroprusside in the presence
of hydrogen peroxide287. Sodium nitroprusside solution
(10%) is a reagent for the colorimetric estimation of
methionine288. The optimum conditions for the colour re-
action between glutathione and sodium nitroprusside have
been investigated216 and a structure suggested for the pro-
duct269; the reaction is used to detect glutathione and its
derivatives in the organs of white mice 27° and to estimate

232



Vol.30 No.4 RUSSIAN CHEMICAL REVIEWS April 1961

glutathione in normal tissues and tumours2 7 1. Arnold272

showed that proteins containing cysteine are slowly coloured
purple-red by sodium nitroprusside; the use of this re-
action was developed later2 7 3. The sulphydryl group of
keratin, treated with mild alkali, gives a pale red-violet
colour with sodium nitroprusside, in contrast to other
thiols2 7 4. Albumin gives a colour after prolonged boiling
with sodium hydroxide solution21. A crystalline com-
pound has been obtained from sodium nitroprusside and
albumin from human blood serum2 7 5. Sodium nitroprus-
side is used, together with benzidine, fuchsine, and hydro-
gen peroxide in blood tests276»277. On account of its great
capacity for adsorbing arsine, sodium nitroprusside is
used to complex the latter in blood80. Paper soaked in
alkaline sodium nitroprusside solution is recommended
for detecting thioglycollic acid in hair2 7 8. Urine passed
after muscular exertion gives a characteristic colour with
sodium nitroprusside in alkaline or acetic acid solution279;
the use of this reaction in biochemical analysis has been
described in detail2 8 0"2 8 2. Sodium nitroprusside is used
for the detection and differentiation of some bacteria2 8 8"2 8 5.
Legal1 s reaction144 was first used by him to detect acetone
in urine; modifications of this test have been proposed 2 8 6 ~2 9 1.
A review, critical of some of these modifications, was
based on interference by sulphides292"294. Methods of
detecting acetone in biological liquids by means of sodium
nitroprusside and ferric chloride have been comparatively
assessed2 9 5. The Legal reaction is used to estimate
acetone in urine and other biological liquids296,297.

Sodium nitroprusside is therefore used to detect and
estimate sulphydryl derivatives and amino-acids, poly-
peptides and proteins containing sulphur; it is used for
microbiological tests, and for blood and urine analysis.
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