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ABBREVIATIONS AND SYMBOLS 

N - Index of refraction. 

0 = Ordinary ray. 

E - Extraordinary ray. -
No - the index of retraction ot the ordinary ray in un1ax1al 

minerale. 

Ne - the maximum (in positive) and the minimum (in negative) 
index of refraction of the extraordinary ray in un1ax1al 
minerale. 

X - the vibration direction of the fastest ray. 

Y - the vibration direction of the 1ntermed1ate ray. 

Z -the vibration direction of the slowest ray. 

Np - the index of the fastest ray in b1ax1al m1nerals. 
The least index ot refraction. 

Nm - the index of the intermediate ray at right angles to 
X and z. 

Ng - the index of the slowest ray in b1ax1al minerale. 
The greatest index of refraction. 

2V - the optical axial angle. 

The description of each method of detection 1s 

g1ven in the following order: 

Reagent: 

Product: 

General description, 1nclud1ng procedure, test solution 

used, reaction, physical propert1es, chem1cal propert1es, 

opt1cal properties, and oharacter1st1es of the crystall1ne 

prec1p1tates separated. 
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PREFACE 

Microchem1cal analysis 1s one of the many methode 

used in the chemical exam1nat1on of minerale. This method 

requires a petrographie microscope and also a knowledge of 

optical m1neralogy. Since the m1crochem1cal method requ1res 

only a small sample, 1t 1s preferable to other methode in 

determinative mineralogy. The purpose of this paper 1s to 

present a dascr1pt1on ot the character1st1c reactions and of 

the optical properties of the resultant crystalline prec1p1-

tates of certain common elements. The optical constants are 

worked out in detail, 1n so far as the technique used per~its. 

It will be noted that a number of these are not in complete 

agreement with those g1ven in author1tat1ve tables. An 

attempt has been made to 1nterpret the interference reactions 

resulting from the test solution of some complex minerale 

with the reagents, in the hope that they may prove usetul to 

the detection of cations and, theretore, to the determination 

of the composition of minerale. 

The wr1ter w1shes to acknowledge his indebtedness 

to Professors A.W. Jolliffe and J.E. Gill ot the Department 

ot Geolog1cal Sciences, McGill University, who gave valuable 

suggestions and constructive cr1t1c1sm while the work was in 

progress, to Protessor R.K. Holcoœb of the Department ot 

Chem1stry tor his criticism to the manuscript, and to Professor 

J.H. Mennie of the Department of Chem1stry tor his perm1ss1on 

to use of some chemicals from his department. 



INTRODUCTION 

H1stor1cal Rev1ew 

Microchemistry has been developed only in the last 

fifty years. The earliest work was done in biologioal and 

pharmaceutioal fields. The pioneer investigations in m1oro­

chem1stry were carried out by SachsJ a German botanist, who 

worked out methode for the investigation of germination in 

1g6o. In 1g67 Wormley published his uM1crochem1stry of 

Poisons• (22). Although the application of microchemistry 

to determinative mineralogy had been suggested by Boricky (4) 

in 1g77, development along this line was slow up to the time 

ot Behrens (1), whose "Manual of Microchemical Analys1s" was 

published in 1g94. Since 1923 when Pregl rece1ved the Nobel 

Prize tor his work in miorochemistry, m1crochem1stry has grad­

ually developed as an important method for the investigations 

of its allied sciences. Substantial progress in the tech­

nique of qualitative mioro-analysis has been made by Behrens 

and Emich (1, B). In America the f1rst systematic work was 

1ntroduced by Chamot and Masan, 1930 (6). 

It is noteworthy that many descriptions of detection 

of m1nerals by microchemical tests have been published in 

recent geological literature. This shows that the mioro­

chem1cal method has attracted the serious interest of many 

mineralogiste and 1t bas become an important tool 1n the 

fields of economie geology and m1neralogy. Short has written 
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soma vorks on m1crochem1cal tests of ore minerale (16), but 

1t is lacklng in some ot the interference reactions wh1ch are 

otten met in the detection of elements in minerale ot hetero­

geneous composition. Recently, the relation of interference 

reactions has been emphas1zed and the 1dent1t1cat1on of 

orystalline prec1p1tates by their opt1cal propertiea has come 

to be considered more important than the mere recognition ot 

coloration and crystal torm. 

Scope and Advantage of the Present Work 

M1crochem1stry 1s a term ot broad sense. Accord-

1ng to the quant1ty ot sample used 1n analye1s, the m1cro­

chem1oal work may be operated in var1ous scales, such as spot 

tests in sem1-m1croanalys1s, chem1cal microscopie analJsis 

1n 1ntermed1ate, and spectrochem1cal analysis in ultra-micro 

ecales. For purposes of investigation, special instruments 

are employed, as the m1croman1pulator tor b1ology, polar1z1ng 

microscope tor m1neralogy, and the spectrograph tor phys1cs. 

The most simple and convenient way tor m1oro-qual1tat1ve 

analys1s ot minerale 1s by means ot the microscope. 1Chem1cal 

M1oroscopy 1 , 1ntroduced by Chamot and Mason, 1ncludes the 

micro-methode ot 1dent1tying crystalline prec1p1tates by their 

colore, geometr1oal forme, and optical propert1es, under the 

microscope. In prepar1ng these prec1p1tates tor the de­

tection of elements, the writer tollows the procedures 
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somewhat l1ke those proposed by Chamot and Mason (6). 

There are many advantages 1n the· use ot the micro­

scope in m1orochem1cal determination ot minerale. Lese 

material, reagents, and time are required; also the cryst­

alline compounds can be correctly and accur~tely deteoted 

by optical crystallography than by other analytical methode. 

Many useful methode ot detection ot elements have 

been ottered by Chamot-Mason, Short and Staples (17). The 

last edition ot Chamot-Mason is the most complete and ex­

haustive so tar published, but to date not much work in in­

terference reactions has been done. Fortunately, Fraser (10) 

presented concise information regarding these and the char­

actera ot the interference products. His work appears to 

be qui te 1mporta.nt in the testing of minerale ot hetero-

gene oua composition. In this aspect the present wr1ter 

will give some new descriptions of other reagents as will 

be shown in the section of 'Interference Reactions and Group 

Reactions". 

There are twenty-two common elements to be d1s-

oussed 1n this paper. The methode of detection are selected 

for the ava1labil1ty of reagents, sens1t1v1ty of reactions, 

and the rap1d1ty of crystalline precipitation. The reactions 

between many of the reagents and the 1nd1v1dual elements are 

ment1oned 1n chemical literature and will not be disoussed 

1n detail in this paper. The last section deals with the 
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possible interference reactions ot elements with the e1ght 

reagents which are the 1aportant ones suggested by the writer 

tor the present work. 

The present investigation 1s 1ntended to emphas1ze 

the 1dent1t1cat1on ot crystall1ne prec1p1tates based on the 

determination ot the1r opt1cal propert1es. Further etudies 

reœain to be done on the 1somorphous compounds troœ var1ous 

reactions and on the 1nterterenoe reactions of other reagents, 

which do not appear in this thesis but are tound very usetul. 



PREPARATION OF MATERIAL FOR 

MICROCHEMICAL DETERMINATION 

Pnys1oal and Chem1cal Exam1nat1on ot Minerale 

In order to reduce labor and time, a prel1m1nary 

physical examination ot tbe mineral to be tested 1s advisable. 

It a hand specimen or a large-s1zed fragment of the mineral 

1s to be tested, sutfio1ent 1ntormat1on regarding 1te proper­

ties oan be obta1ned trom 1ts crystal habit, cleavage, trac­

ture, hardness, lus ter, streak, specifie gravi ty and associs.ted 

minerale. If the mineral 1s ot small aize or in the torm ot 

a pol1shed section, some character1stics should be noted, auch 

as genet1c relat1onsh1p, and behav1our in various reagents by 

etch1ng tests. If the mineral 1s opaque, the opt1cal 

propert1es in vertical and oblique illumination by retlected 

light should be observed. All the phys1.cal properties of a 

mineral may serve tor 1ts positive ident1t1ca.t1on. These 

are dealt w1tb fa1rly exhaust1vely in the 11terature of optlcal 

and determinative mineralogy. 

The chem1cal propert1es ot a mineral are ot tunda­

mental importance, tor upon them all otber properties are in 

great measure dependent. Based on chem1·cal compos1 ti on 

minerale can be claes1t1ed 1nto var1ous divisions, auch as 

native elements, sulphides, sulphosalts, sulphates, oxides, 

e111eates, etc. With some exceptions, minerale ot each main 
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division exhibit an analogous solub1lity 1n certain solvants. 

The solub111ty ot minerale 1s g1ven in a complete list in 

Rogers• "Introduction to the Study ot Minerals 1 , and aleo 

appears eeparately under the chapter 1 Descr1pt1ve M1neralogy 1 

in many textbooks. In most casee, the resistance ot minerale 

to acide may turnish excellent 1ntormat1on leading to the 

analytical proceas. This work may well be carr1ed out in 

connect1on with the preparation ot the test solution. When 

a small grain of the mineral to be tested 1s insoluble in 

aoids, usetul information may be obtained trom the resulte of 

fusion or sublimation by blowp1pe test. 

Preparation of the Test Solution 

In order to produce the preo1p1tates or colorations 

character1st1c ot a g1ven element, 1t 1s tiret necessary to 

dissolve or decompose the mineral. In general, minerale 

insoluble 1n water should be treated with ac1ds or tused with 

tluxes. Dilute n1tr1o acid, or onncentrated if requ1red, 

usually serves as one ot the beat solventetor the preparation 

ot test solution. It the mineral is soluble in n1tr1c acid, 

all cations of the mineral may be converted 1nto a torm 

ex1st1ng as nitrates or ox1des. On evaporation, any iso­

tropie crystal result1ng trom the n1tr1c test drop 1nd1cate 

the possible presence ot As, Ca, Ba, Pb, or Sr (see section 

on Detection of Arsenic). 
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It n1tr1c ac1d fails to dissolve the mineral, aqua 

regla or sulpbur1c acid may be appl1ed as a solvent. The 

material 1s then converted correspondingly to chlor1des or 

sulphates. For the character1st1cs of the prec1p1tates ot 

chlor1des and sulphates, reter to the section on Interference 

Reactions and Group Reactions. 

If the mineral 1s soluble ne1tber in water nor in 

acide, it is necessary to fuse 1t with fluxes to obtain a 

solution. Some insoluble sulphates, chromates, tungstates, 

molybdates, and silicates, should be treated by the method 

eummarized as follows: 

In prepar1ng a soluble bead tor the test solution 

ot the mineral, the important fluxes to use are borax, sodium 

carbonate, and sodium perox1de. A clear and transparent 

bead of NaaC03 or NaaCOa and Naa02 1s prepared on a small loop 

ot plat1num w1re in an ox1d1z1ng tlame. This bead is d1pped 

1nto the mineral powder, and heated aga1n. Any coloration 

ot the tuaed mass result1ng trom heating should be noted and 

may g1ve some information conoern1ng the composition of the 

mineral. Transter the bead to a micro-beaker and dissolve 

1n water. The solution 1s well st1rred and centrifuged, 

thus separating 1nto two groups. The f1ltrate wh1ch 1ncludes 

Al, As, Be, Br, Cl, Cr, F, I, K, Mo, Na, P, S, Sb, Se, Si, sn, 

v, and W 1s called Group I. The residue wh1ch inoludes Ag, 

Au, Ba, Bi, Ca, Cd, Co, Cu, Fe, Hg, Mg, Mn, Ni, Pb, Sr, Ti, U, 

zn, and Zr 1s oalled Group II. The Group II res1due 1s then 



treated Witb a tew drops ot 6N-HC1, and the solution diluted 

w1th water, 1t desirëd. It should be noted that the follow-

1ng cations may be present in both groups: Al, As, Be, Mn, 

u, and zr. 
Binee the pr1mary exam1nat1on of phys1cal and 

chemical properties of the mineral otten 1nd1cates the possible 

presence ot certain elements, and the successive application 

ot different reagents may contirm this, the 1dent1ticat1on ot 

elements will not neoessar1ly be carr1ed out 1n accordance 

w1tb a t1xed analyt1cal soheme. However, the writer recom­

mande the use ot the systemat1c scheme ot qualitative analysis 

w1thout bydrogen sulphide, such as proposed by Cornog (7), 

Moore (1~), Brockman (5), or Wh1tmore-Schne1der (19), tor 

cases ot necess1ty. The latter two have been employed by 

tbe wr1ter and have been t~und quite sat1stactor1 tor micro­

analys1s 1n a m1neralog1cal laboratory. 

Man1pulat1ve Methode 

OW1ng to the limited ecope ot this paper, 1t 1s 

not thought necessary to g1ve a detailed description ot 

apparatus and the application ot reagents to the test solution. 

The important apparatus are the polar1z1ng microscope, glass 

elides, oapillary tubes, m1cro-tlame, m1cro-mortar, and 

platinum wire. For the precise determination ot index ot 

retraction, a complete set ot immersion liquide w1tb a range 
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or 1.41 to 2.00 w1th a regular step ot 0.005 ahould be pre­

pared. Reagents ot 11qu1d and solid torm are kept in small 

bottles in wooden blocks. The immersion media and reagents 

should be checked rrequently and renewed if 1mpur1t1es are 

round. 

It a minute amount ot the doubtful mineral 1s to 

be tested, 1t may be ground 1nto powder w1 th an agate morta.r 

or scraped down trom a pol1shed section 1nto tine grains w1th 

d1ssect1ng needles or kn1fe points. Transter the mineral 

powder to a glass elide or 1nto a test tube, and bring 1t into 

solution by means of acide or by tus1on w1th fluxes. It a 

large fragment ot the mineral 1s employed tor the test, 1t la 

better to prepare a large amount ot test solution in a micro­

tube tor successive reactions. 

When the test solution 1s obta1ned, test tor the 

expected elements by means of su1table reagents. The 

selection ot reagents is based on the nature ot the expected 

mineral and possible presence of 1nterfering cation or anion. 

The amount and ac1d1ty ot the test drop, as well as the amount and 

torm (solution or solid) ot the reagent, vary with the tests, 

and will be desoribed under different procedures which the 

tests must tollow. Gentle warm1ng or evaporating to dryness, 

atter or betore the application of reagent, ahould be per-

tormed caretullJ with a micro-tlame. Too rap1d heating may 

obstruot the separation ot charaoter1st1o crystals, and 
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1nsutt1c1ent warm1ng usually produces no reaction products. 

If the reagent to be used 1s in the torm ot a 

solution, 1t 1s advisable to 1ntroduce 1t by placing a drop 

ot the reagent in the corner ot the elide and then cause 1t 

to flow 1nto the test drop by 1ncl1n1ng the elide or by the 

a1d ot a loop of plat1num wire. When a fragment of a eolid 

reagent 1s used tor the reaction, 1t should be added directly 

to the centre ot the test drop to ensure 1ts uniform distri­

bution by convection currents in the test drop. In both 

cases, the quantity of the reagent introduced should be very 

small, suocess1ve additions ot the reagent are applied in the 

same manner 1t no · reaction 1s obtained at tiret. 

All the procedures cited above are pertormed on a 

work table ot conven1ent s1ze and he1ght. Atter the addition 

ot the reagent, the elide 1s transferred to the microscope 

stage. Observe trequently and note any reactions result1ng 

trom the preparation. ObJectives ot high magn1fy1ng power 

are otten used tor the resolution of fine-grained products. 

Great care must be taken to proteot the objectives. It 1s 

wise to use a cover glass on the obJect to proteot the 

objective trom damage by chemicals. When some characteristic 

crystals of stable coœpounda produced on the elide are des1red 

to be used as a permanent preparation. they may be mounted by 

sealing the edges of the cover glass with Canada balsam. 
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M1croscopical Examination 

M1croecop1oal exam1nat1on 1e of geeat importance 

tor the 1dentit1cat1on ot the crystalline prec1p1tatea. In 

the present work the tollowing charaoter1st1cs were cons1dered 

necessary for the purposes of description or partial identifi­

cation: 

1. Behav1our 1n aoids, on warm1ng, in suitable amount 

ot reagent, and 1n excess of reagent. 

2. Interference reactions; reactions ohecked by known 

solutions. 

3. Crystall1n1ty of the reaction product. 

~. Crystal habit. 

5. Colora by transm1tted light, and by retlected 11ght. 

6. Optical properties with one nicol and between crossed 

nicola. 

7. Determination ot index of retraction. 

For character1st1cs trom 3 to 7, the methode are based on the 

knowledge of opt1cal mineralogy as given in Larsen•s descrip­

tion (11) or others. Since a single preparation does not , 
ordinarily g1ve many crystal& vith ditterent optical orienta-

tion, the same reaction products must otten be prepared 

several times tor complete determination of retract1ve-1nd1oes. 

The description ot optical propert1es g1ven in this 

paper tor some reaction products are 1ncomplete. Reasons tor 
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this are: (1) There are very few publications with 

references to the optical constants of artificial minerale 

or chemioal compounds, beoause these have not yet been studied 

thoroughly by chemists or mineralogiste. (2) Some crystals 

eeparate in extremely thin plates or with abnormal babi~s, or, 

due to the surface tension of the drop, float on the drop w1th 

the1r s1m11ar crystal faces parallel with each other, so that 

only one orientation 1s obta1ned. (3) For the determination 

of index of refraction, the immersion media should be applied 

to the dried-up drop in wh1oh the orystals have grown. Un­

fortunately, some crystals are dissolved or decomposed by 

certain index oils. (~) Inaccuracy of the value of refract1ve-

1nd1ces, reported 1n this paper, may be caused by the volat11-

1ty of immersion media and the affects of temperature. 



DETECTION OF INDIVIDUAL ELEMENTS 

Twenty-two common elements were stud1ed in the 

present work and the tests ohosen 1nclude only a 11m1ted 

number of reage~ts that g1ve sensitive reactions. The 

tollow1ng briet descriptions deal w1th the important reaction 

products in var1ous chem1cal env1ronments, and the1r optical 

properties. The real 1dent1t1cat1on or any reaction product 

reste largely upon 1ts opt1cal properties, tor the mere 

observation of coloration and crystal habit usually give un­

reliable information as to its actual composition. 

Detection ot Aluminum 

1. Ammonium Molybdate Test. 

Reagent: Ammonium molybdate ((NH.)sMo?Oa•·~H20). 

Product: Ammonium aluminum molybdate (3(NH4)20·Al20a­

•12Mo03•XHa0) (Figure 1). 

Procedure: A drop ot the preparation 1s added to the 

dried-up drop of the ac1d test solution. No evaporation 1s 

necessary. 

Ammonium aluminum molybdate 1s orthorhombic. 

Crystals are rhombio, or nearly square 001 plates. Twinning 

and zoning are commonly seen on 001. Crosses o! rhombio 

crystals are usually produced trom moderately conoentrated 

test drop. Gentle heating gives rad1at1ng needles and 

aggregates of slender prisms ot unknown composition. 



Ammonium alum1num molybdate 1s b1ax1al (?) positive. 

Rhomb-shaped c~stals exh1b1t symmetrical extinction. Opt1c 

plane normal toc axis; Ng = 1.740, Np= 1.700 ±. Color white. 

2. Crystall1zat1on of Alum. 

Reagent: Potassium hydrogen sulphated(KHS04). 

Product: Potassium alum ( hydrous double sulphate of 

alum1num and potassium, KAl(S0.) 2 •l2H2 0) (Figure 26). 

Procedure: A large drop of the n1tr1c ac1d test solution 

1s evaporated to dryness on a elide. Atter cool1ng, dissolve 

the residue in one drop of 1:5 HNOa, and add a saall fragment 

ot HKSO• to 1t. Gentle warm1ng tor a tew seconds 1s requ1red 

to aocelerate the crystall1zat1on ot the potassium alum. 

Another procedure 1s suggested as tollows: When a 

hot solution ot aluminum sulphate 1s m1xed w1th potassium 

sulphate, potassium alum separates slowly on oooling. Both 

procedures g1ve satisfactory resulte except that alum shows a 

great tendenoy to form a supersaturated solution. Otten the 

tormat1on ot aluœ crystals does not take place in spite ot the 

tact that a h1gh concentration of aluminum 1s present in the 

test drop. Scratch1ng the surface of the elide with a 

platinum w1re will cause the separation ot alum crystals. 

This salt 1s an 1somorphoue compound oalled alum. 

The general toraula 1s M1M'''(SO.)a•l2Ha0, where M'represente 

the monovalent base K, Na, NH., Rb, Cs, Ag, and M''' 

representa an atom ot trivalent metal -- Al, Fe, Cr, Mn, Co, 
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Rh, In, eto. In the test tor Al, the other trivalent metals 

should be cont1rmed and, if present, removed. 

The hydrous sulphate of potassium and aluminum 

seeœs to be dimorphous. The 1sometr1c mod1f1oat1on forme 

colorless, thin octahedral or aubie crystals. N = 1.45~. 
The same compound crystallizes in monool1n1c plates 

and scales 1 or in tibrous crystals, usually at the periphery 

ot the drop. Colorless. B1ax1al negative. Ng = 1.45g, 

Nm = 1.452, Np = 1.~30; 2V = 52° !. Both torms are not 

always recognizable directly on account ot the1r overlapp1ng 

development. The monocl1n1o phase torms at the expense ot 

the 1sometr1c phase. The crystalline prec1p1tatee of both 

phases may be attacked and d1ssolved by immersion o1ls. 

Detection of Antimony 

1. Tartario Ac1d Test. 

Reagent: Tartar1c acid (H204H40s) and potassium chloride 

(KOl). 

Product: Potassium antimonyl tartrate (KSbO•C•H40e•HaO). 

Procedure: This test 1s valuable tor the detection ot 

ant1mony 1n the presence ot bismuth. The hydrochloric ac1d 

test solution contain1ng ant1mony and bismuth 1s tiret pre­

c1p1tated as (Sb0) 2 Ca0• and (B10)aCa0• by oxal1o ao1d. 

Dissolve the prec1p1tates in tartar1c aoid, in which the 

preo1p1tate of (BiO)aCaO• 1s insoluble. Decant, filter, or 
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separate by centrifuge. To the clear tartar1o solution a 

small quant1ty ot KCl 1s added. On gentle warm1ng 

KSbO•C•H40s•HaO 1s formed and separatea in colorless, highly 

retractive (Nm = 1.636) tetrahedra, square, rectangular, and 

s1x-a1ded tablets of the orthorhombic system. 

2. Potassium Iodide Test (see section on Interterence 

Reactions and Group Reactions). 

Detection of Arsenic 

1. Ammonium Molybdate Test. 

Reagent: Ammonium œolybdate ((NH•)sMo7 0a•·~H20). 

Product: Ammonium arsenomolybdate ((NH4)3AS04•12MoOs­

•XHaO) (Figure 2).? 

Procedure: Various procedures tor the test ot arsenic 

w1th ammonium molybdate as reagent have been proposed by 

chemists. Short suggests that the beat resulte are obta1ned 

by add1ng a drop of moderately concentrated reagent to the 

dried-up residue ot 1:7 HNOa test solution. 

Chamot•s procedure has the advantage of remov1ng 

other cations that· may interfere with the test: Remove 81, 

Cd, Ta, and W by repeated evaporation of the mater1al to be 

tested with HCl. The arsenic test solution is thus obtained 

by extracting w1th a tew drops ot dilute KNOa in which the 

other complex chlor1des are insoluble or nearly so. Ammon1uœ 

arsenomolybdate torms on caretul heating of the test drop 
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to which the reagent has been added. 

Both methode may give a sat1staotory result. The 

test results seem to depend upon the concentration of the 

reagent and ot test drop, and the time of warming. A suit­

able concentration tor test 1s 1.5% ammonium molybdate in 

1:7 HNOa. 

Ammonium arsenomolybdate 1s hydrated in composition, 

w1th an unknovn number of molecules ot water. Even the actual 

formula ot the reagent has not been det1n1tely establ1ehed. 

Ammonium arsenomolybdate 1s isotropie. Crystals in t1ny 

spherul1tes, cubes, and ootahedrons. H1gh retract1ve; 

Color brill1ant yellow. 

2. By Ox1dat1on ot Arsenio. 

Reagent: Concentrated n1tr1c ac1d (HNOa). 

Product: Arsenic tr1ox1de (AsaOa) (Figure 10). 

Procedure: In a closed tube a small fragment ot arsenic 

mineral 1s reduced by sublimation to a br1111ant black m1rror 

ot metall1c arsenic. The m1rror is then ox1d1zed to tr1ox1de 

by heat1ng in an open tube. This procedure 1s applicable 

only wben the minel'al is large in· s1ze. When a minute grain 

ot mineral 1s to be tested, prooeed as follows: 

Arsenic mineral 1s powdered and slowly heated w1th 

n1tr1c ao1d. At tiret, the arsenic tr1ox1de is a glassy 

prec1p1tate or a clear saturated solution. On exposure to 

the air, the saturated solution gradually forma octahedral 



crystals ot AsaOa. It a hot saturated solution of As 2 0s 1n 

XOH 1s cooled, monocl1n1c crystals or As 2 0a separate. This 

test 1s sensitive for the detection ot arsenic in the simple 

sulphides. 

Isotropie AsaOs crystallizes in octahedrons and 

ooœb1nat1ons ot octahedrons and dodecahedrons. 

colorless. 

N = 1.755; 

The monocl1n1c phase ot AsaOa is unstable. Crystal 

habit as ahown in the micro-drop 1s not character1st1c and 

usually in grains and monocl1n1c roda. Penetrat1ng tw1ns 

were tound. B1ax1al positive. The opt1c plane 1e 010; 

Z/\-o = +6°; 2V = 58°. Ng = 2.01, Nm = 1.92, Np= 1.87; 

colorlees. 

Under s1m1lar condition, the isotropie crystals of 

Ca(NOs)a, Sr(NOa)2, Ba(NOa)2, and Pb(NOa)2, hexagonal or 

tr1gonal crystals of L1N03, NaNOa, and CsNOa, and ortho­

rhomb1c crystals of RbNOa, NH4NOa, TlNOa, and AgNOa may be 

produced by evaporating the n1tr1c test solutions. Ca(N03)a 

1s stable at very high temperature only; at room temperature 

the compound separated troœ the n1tr1c test solution of 

calcium minerale by gentle heating 1s Ca(N03)2·~Ha0 whioh 

crystallizes in monool1n1c crystals with Nm : 1.49g. The 

indices ot retraction of the isotropie crystale or other 

nitrates are known as tollows: Ba(N03)2 is 1.571, Sr(N03) 2 

1.5g7, and Pb(NOa)a 1.780. Ba(NOa)a 1s miscible 1n all 
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proportion with Pb(N03)a; but so far as known minerale oon­

ta1n1ng lead and bar1um are very rare. 

3. Magnesia Mixture Test (see Detection ot Phoephorous). 

4. Potassium Iod1de Test (see Section on Interference Reactions 

and Group Reactions). 

Detection ot Barium 

1. Oxalic Ac1d Test. 

Reagent: Oxal1c acid (H2(C204)•2H20). 

Product: Bar1um oxalates (BaC204•3H20 and BaC20••HaO) 

(Figure 13). 

Procedure: Two barium oxalates are tormed by adding 

the reagent to a neutral or weakly ac1dic test solution. 

B8Ca0••3H20 1s 1sometr1c, well-tormed square crystals 

with N = 1.635. Colorless. Differa from CaCa0••3HaO bJ 

sharp edges on squares. 

BaC2 0~·HaO ie monool1n1c. Crystals monocl1n1c 

plates, branohes, or single elongated prisme. B1as1al 

positive. X normal to 010; ZAo= 7° - 12°. 2V greater 

than 60°. Ng = 1.6;8, Nm = 1.5~0, Np= l.45g; Ng- Np= 

Colorless. 

2. Hydroehlor1c Acid Test. 

Reagent: Hydrochlor1o acid (HCl). 
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Product: Bar1um chlor1de {BaCla) and hydrous barium 

chlor1de {BaCla•2H20)(F1gure 12). 

Procedure: It a bar1um mineral is dissolved in l:lHCl 

and the solution allowed to evaporate slowly, BaC12 and 

BaCl2•2H20 will be tormed. 

BaCla 1s otten tormed from concentrated HCl and 

test solution. Crystals are minute grains and sharp edged 

squares or 001 tablets. Iaometric. N = 1.538. Colorless. 

BaCl2•2HaO 1s monocl1n1c and separates 1n 001 

plates or 010 elongated prisme with corners truncated by 

narrow races. Polysynthet1c tw1nn1ng on 001 or 100 1s 

COJJlOlOn. B1ax1al positive. The opt1o plane 1s 010; the 

2V = g4o. Ng = 1.660, Nm = angle between Z and c 1s ge. 

1.641, Np = 1.635. Colorless. 

The precipitation of bar1um as BaCla•2HaO prov1des 

a valuable test to d1st1ngu1sh trom Sr and Ca; the latter 

two do not give prec1p1t~tes w1th HCl under the same condition. 

3. Ammonium Bichromate Test. 

Reagent: Ammonium bichromate ((NH4)aCr207). 

Product: Barium chromate (Bacro.) and bichromate 

{BaCr:a07 ) (Figure 11). 

Procedure: If the Ba concentration is too high, a 

br1111ant yellow, granular prec1p1tate is tormed. Ortho­

rhomb1c and monocl1n1c crystals are produced by adding a 

minute quant1ty ot reagent to the dilute test drop. 
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Bar1um chromate 1s orthorhombic and occurs as 

yellow aggregates of minute grains and rods. A high magn1f1-

cat1on 1s requ1red tor their identification. 

The monocl1n1c form is more commonly present in the 

prec1p1tates and 1ts formula 1s probably BaCr207 • Crystals 

are monocl1n1e plates and prisme. Biaxial positive; negative 

elongation. Opt1c plane is normal to 010 and conta1ns 

c- axis. Nm = 1.715. Color yellow. 

~. Sulphur1c Acid Test (see section on Interference Reactions 

and Group Reactions). 

Detection ot Bismuth 

1. Potassium Sulphate Test. 

Reagent: Potassium sulphate (K2so.). 

Product: Bismuth and potassium sulphate (B1a(SO.)a­

•2K2SO~)(F1gure 15). 

Procedure: The mater1al 1s brougbt into solution by 

means ot HNOa. Evaporate to dryness. To t~e res1due a 

eutf1o1ent quantity ot 1:1 H2SO• 1s added. Gentle warm1ng 

1s required to convert the bismuth 1nto sulphate. A small 

quantity of KaSO• is 1ntroduced to the test drop on the elide. 

Colorless, well-tormed hexagonal scales ot B1.(SO.)a•2K2so., 

olosely resembling Pbi2 1n crystal form, are produced on 

heatlng. If the preparation becomes cold or has not been 

sutt1c1ently evaporated, large orthorhomb1c crystals ot KaS04 
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may separate out. Ant1mony g1ves no auch reaction. 

B1a(SO.)a·2KaS04 1e hexagonal. Optical constants 

are indeterminable in the t1ny thin hexagone. Refract1ve 

indices near to that or Kaso.. K2 so. 1s recogn1zed by its 

crystal torm. Crystals are tabular parallel to lOO or 010 

ot the orthorhombic system. Polysynthet1o tw1nn1ng common. 

B1ax1a.l positive. The optic plane 1s lOO; z = c. 2V = 67c. 

Ng = 1.502, Nm = 1.~99, Np = 1.~9g. Colorless. 

Detection of Calcium 

1. Sulphuric Ao1d Test. 

Reagent: Dilute sulphuric aeid (H2so.). 

Product: Calcium sulphate d1hydrated(Ca504•2H2 0) 

(Figure 19) • 

Procedure: A drop of O.lN sulphuric acid 1s added to 

a cold, neutra! or slightly ac1d1c, concentrated test drop. 

Gentle warming of the preparation with a tew drops ot alcohol 

may hasten the complete precipitation of the salt. The 

result1ng crystals are all long, colorless needles in clusters 

or rad1a.t1ng masses. They can be recrystallized into large-

aize crystals by the !ollow1ng procedure: Evaporate the 

preparation until no more tumes ot S03 are emitted. Add a 

drop ot water and a little of alcohol, and warm again. W1th 

rapid evaporation (which should be avo1ded), bundles or 
needles are generally tormed. On the other hand, with slow 
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evaporation, the crystals produced are slender prisme, and / 

or leatlets with rhomboidal outl1nes and sharp angle of 53°, 

and twins. 

CaS04·2HaO 1s monocl1n1c; crystals are ac1eular, 

prismatic or rhomb1c, occurr1ng singly or as aggregates more 

or lesa parallel to c. Twinning on lOO 1s common 1n the 

arrow-head torms. Soluble in HCl. The optic plane 1s 

parallel to 010; the angle between Z and c is about 52°. 

B1ax1al positive. 2V 1s about 5go at room temperature. 

Ng = 1.529, Nm = 1.523, Np = 1.520. Colorless. 

2. Oxal1c Ac1d Test. 

Reagent: Oxal1c ac1d (H2(Ca0•)•2H20). 

Produot: Calcium oxalate tr1hydrate and monohydrate 

(CaCa0••3HaO and CaCa06•HaO) (Figure 16). 

Procedure: To a weakly ac1d1c test solution, a sma.ll 

quantity ot reagent is added. Calcium y1elds three crystal 

var1et1es descr1bed as tollows: 

Isometric CaC204•3H20 crystallizes in octahedral 

grains with regular, sharp edges. Highly retractive; N = 1.628. 

Colorless. 

Anotber crystal phase of CaC20•·3H20 is probably 

tetragonal. It 1s character1zed by a h1gher index tha.n that 

1n the 1sometr1c phase crysta.ls. In squares witb rounded 

corners, or in small sph.erul1 tes; rectangular roda rare. 

No = 1.634. Colorless. 



24 

The aonohydrated calcium oxalate separates from 

hot solution. Crystals are in monoclinic plates (010) or 

in rectangular prisme (lOO). B1ax1al positive. Optic 

plane normal to 010; angle between z and c varies trom + 10° 

to + 25° (+ 29° g1ven by Winohell). Ng = 1.650, Nm = 1.555, 

Np = 1.490. Colorless. 

Detection ot Chrom1um 

1. 81lver Nitrate Test. 

Reagent: S1lver nitrate (AgNOa). 

Product: S1lver chromate and bichromate (Ag~cro. and 

AgaCra07 ) (Figure 28). 

Procedure: If the test solution 1s in the form ot 

chromate, 1t 1s necessary to convert 1t to bichromate by 

ac1d1tJ1ng the test solution with HNOa. Silver chromate and 

bichromate separate 1nstantly, upon the addition of the reagent. 

The character1st1cs ot these two salta will be d1scussed under 

Silver. 

2. Lead Acetate Test. 

Reagent: Lead acetate (Pb(CaHs02)a•3HaO). 

Product: Lead chromate (PbCrO.)(Figure 21). 

Procedure: Prepare the test solution as deecr1bed above. 

To the d1lute n1tr1c acid test drop add the reagent. Lead 

chromate can be separated either from chromate or bichromate 
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solution, because the weak ac1d1ty ot the reagent is sutficient 

to convert the chromate, 1t present, in part to bichromate. 

The addition ot lead acetate to the concentrated test solution 

causes the separation ot a heavy, bright yellow, granular 

prec1p1tate. These crystal aggregates remain small in aize; 

a high magn1t1cat1on is required to disclose their habit. 

The beat resulte are obtained from dilute test 

solution. In this case the lead chromate eeparates in mono­

cl1n1o tablets and prisme. B1ax1al positive. The opt1c 

plane is 010; the angle between Z and c is -5°; 2V about 57°. 

Ng = 2.66, Nm = 2.37, Np= 2.31. Differa from barium bichro­

mate in 1ts h1gher relief and from strontium chromate in its 

crystal form. 

Detection ot Cobalt 

1. Potassium Mercurio Thiocyanate Test. 

Reagent: Potassium mercurio thiocyanate (K2Hg(SCN)4}. 

Product: Cobalt mercurio thiocyanate (CoHg(SCN)~) 

(Figure 17). 

Procedure: A moderately concentrated drop of the re-

agent 1s introduced to the d1lute n1tr1c test solution. This 

1s warmed gently to tao111tate the separation of the orystals. 

Cobalt mercurio thiocyanate is tetragonal (?). 

Crystallizes in clusters, radiated masses, or x•a of slender 

prisme and needles. Character1zed by 1ts "co·balt blue" color 
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and crystal habit. Weakly d1chro1c w1th more absorption 

when the elongation is normal to the vibration plane ot tbe 

light. Un1ax1al (?) positive. No= l.(g5, Ne= 1.795 (!). 

S1nce this salt 1s chem1cally metaetable, the indices may 

vary from the values given above atfected by even a slight 

change ot temperature. 

2. Double Nitrite Test. 

Reagent: Potassium nitrite (KNOa). 

Product: Potassium cobalt nitrite (KaCo(NOa)e·lt HaO). 

Procedure: Small fragments ot NaN02 and KNO~ are added 

to the neutral or dilute acetic ac1d test solution. Any 

cobaltous cation will be converted to coba.lt1c cation and 

unites with N02- to torm the complexion Co(N02)e---. 

Gentle warm1ng 1s requ1red to hasten the precipitation of 

IaCo(NOa)a•lt HaO. which cryst~llizes in t1ny, h1ghly refract1ve, 

yellow cubes. When concentrated test solution 1s employed 

tor the test, a tinely-d1v1ded granular preo1p1tate 1s tormed. 

Tutton states that the crystals ot this salt torm tour-arm 

stars from a very dilute test solution, but this torm was not 

seen by the writer. Potassium cobalt nitrite 1s sl1ghtly 

soluble in hot water and insoluble 1n alkalies. The corre-

spond1ng salt ot nickel appears as tiny pale yellow isotropie 

squares and 1s more soluble. 

Theoretically KN02 also forme double nitrites with 

Pb and Ni, but since the cub1c crystals ot these salta are 
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ditficult to obta1n, and metastable solutions prevail, the 

double nitrite reaction 1s sat1sfactory only tor the detection 

of Co. This test is not masked by other elements. 

Detection ot Copper 

1. Potassium Mercurio Tbiocyanate Test. 

Reagent: Potassium mercurio thiocyanate (K2Hg(SCN)4). 

Product: Copper mercurio thiooyanate (CuHg(SCN)4•H20?) 

(Figure 1g) • 

Procedure: A concentrs.ted drop of the reagent 1e added 

to the dilute n1tr1o aeid test solution. The reaction product 

separates 1nstantly. 

Whether this salt produoed 1s monohydrated or·an-

hydrous 1s not known. From a ooncentrated test solution this 

salt separates in green1sh yellow moss-l1ke aggregates or in 

branches and clusters of acicular and dagger-shaped crystals. 

From dilute test solution arrow-head crosses or grains of cube 

comb1nat1ons are tormed on standing. These are beat seen 

w1th high power objectives. 

This salt 1s orthorhomb1c (?). Biaxial negative; 

negative elongation in crystals ot elongated habit; very weakly 

pleochro1c. 2V larger than 50°. Nm varies from 1.575 ta 

more than 1.7g. This salt 1s metastable and 1s alwa.ys 

character1zed by 1ts oolor and moss-11ke aggregates. The 

crystall1n1ty of this salt 1s uncbanged in test solutions of 
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different concentration. It seems that 1ts 1nd1oes vary with 

the concentration ot copper in the test solution. 

2. Triple Nitrite Reaction. 

Reagent: Potassium nitrite (KN02) and lead acetate 

(Pb( C2Ha 02) 2). 

Product: Potassium-lead-copper nitrite (2KNOa•Pb(NOa)a­

•Cu(NOa)a) (Figure 27). 

Procedure: The n1tr1c or neutral solution ot the 

mineral 1s evaporated to dryness. The residue should be 

dissolved in concentrated acet1c acid, and KN02 and Pb(C2Ha02)2 

added. It copper 1s present, highly retract1ve, orange red 

cubes and reotangular plates will torm on standing. The se 

crystals are isotropie and slowly become orange brown, then 

dark brown, and tinally so dark as to appear black by trans­

mitted light. For a discussion of the triple nitrite reaction 

and its application to the detection ot other elements, see the 

section on Interference Reactions and Group Reactions. 

Detection of Iron 

1. Ammonium Molybdate Test. 

Reagent: Ammonium moly-bdate ((NH.)aMo7 024•4-HaO). 

Product: Ammonium ferr1-molybdate (Figure 5). 

Procedure: A drop ot the water saturated solution of 

the reagent 1s added to the neut~al solution of iron minerale. 

A t1ne-gra1ned yellow1sh-wh1te material 1s tiret prec1p1tated 
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if terrie iron 1s present. In the case of terrous iron, a 

blue-oolored solution 1s slowly formed due to the reduction 

of the molybdate. 

In botb cases, the t1rst separated crystals are in 

the form ot colorless to white squares. In a tew seconds 

comb1nat1on ot squares and crosses ot short rhombe and long 

rhombe develop. If the reagent 1s added to the dried-up 

test solution, more rbomb1e crystals separate at the per1phery 

ot the test drop. 

The det1n1te formula o! this salt 1e not known. 

Orthorb.omb1c. B1ax1al negative; opt1c plane normal to c. 

Ng = 1.712, Nm = 1.705, Np= 1.697. Colorless to white. 

Pr1smat1c cleavage developa in the crystal& as the drop passes 

to dryness. This salt 1s 1dent1cal with the oorresponding 

salt of aluminum in crystal habit, but on adding NH40H the 

crystals ot terrie 1ron salt become brown as the1 dissolve, 

whereas the alum1num salt rema1ns white on d1ssolv1ng. It 

also differe from the aluminum salt in 1ts higher relief. 

2. Ammonium Chlor1de Test. 

Rea.gent: Ammonium chloride (NH.Cl) and hydrochloric 

ac1d (HCl). 

Product: Monohydrated ammonium ferr1c chlorlde 

(FeCla•2NH•Cl•H20) and m1xed crystals of ammonium chloride 

and terrie chloride (Figure ~). 

Procedure: The n1tr1c solution or the mineral 1s 
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ao1d1t1ed w1th sutf1c1ent HCl, and a grain of NH4Cl added. 

It considerable terrie iron 1s present, the crystals produced 

are orange brown FeC1·2NH.Cl•HaO erystall1z1ng in highly re-

tract1Te, orthorhomblc grains and pseudo-octahedrons. With 

low concentrations ot iron, "anomalous m1xed orystals" of 

NH4Cl and FeCla may develop, as isotropie, orange-yellow 

well-tormed squares and octahedrons, on gentle warm1ng. The 

1ntens1ty ot the coloration of these mixed crystals increases 

w1th the rise 1n terrie iron concentration. No other cations 

y1eld auch character1st1c orystals. 

Detection ot Lead 

1. Potassium Iodide Test. 

Reagent: Potassium 1od1de (KI). 

Product: Lead 1od1de (Pbi2) (Figure 22). 

Procedure: The test 1s beat pertormed by adding a 

minute fragment of the reagent to a dilute n1tr1o test solution 

ot the mineral. A sl1ght excess ot the reagent should be 

avoided as 1t may cause the recrystall1zat1on ot KI as 1so­

metr1c crystals from saturated solution or that the lead 

iodide could dissolve to torm the acicular and pr1smat1o· 

orystals ot Pbi2•K1•2HaO. In the presence of chlor1de or 

sulphate anions, lead w1th potassium 1od1de y1elds a complex 

salt of 1od1de 1nstead of lead iodide. 

Lead 1od1de separates as aggregates of hexagonal 
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ecales. Owing to the surface tension, the thin ecales and 

plates of Pbi2 always float on the drop with the basal sections 

( 0001} parallel to the surface ot the drop. Uniax1a.l negative 

wi th No gres.ter than 1. 7g. Fa1nt yellow by transm1 tted light 

and bright yellow by retlected light. It is often hard to 

determine the opt1c s1gn ot Pbi2 from the thin hexagonal 

plates. Trivalent arsenic w1th KI opcasionally gives iso-

morphous crystals, but they are reddish yellow in color and 

are usually accompanied by an amorphous prec1p1tate, other 

than the small indiv~dual hexagons. 

2. Hydrochlorlc Acid Test. 

Reagent: Hydroohlor1c aeid (Hel). 

Product: Lead chloride (PbCla) (Figure 20). 

Procedure: To the nitric aoid test solution of the 

mineral to be tested add a su1table quantity of dilute HCl. 

Lead chloride t1rst separates in feathery and X-torm crystals. 

This salt 1s quite soluble in hot solution, but recrystallizes 

upon cooling the solution. The crystals of recrystallized 

PbC12 become large in aize and develop as elongated plates 

w1th sharply truncated ends, as 1nd1v1duals or as X's. PbCl2 

1s orthorbomb1c. Optic plane 1s 010; Z paralles to c. 

B1ax1al positive; 2V = 66°. Ng = 2.260, Nm = 2.217, Np= 2.199. 

Transm1tted 11ght gives a white color in 1nd1vidual crystals 

and a greenish yellow when in aggregates. It is d1st1nguished 

from the mercurous and silver chlorides by 1ts solub1l1ty 1n 
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hot solution. Crystal habit, h1gher index of retraction, 

and a ready solub111ty in hot water are all d1sgnost1o. 

3. Ammonium Bichromate Test. 

Reagent: Ammonium bichromate ((NH.) 2 Cra0?). 

Product: Lead chromate (PbCr04) (Figure 21). 

Procedure: (a) Cold solutions. The t~st solution 1s 

evaporated to dryness in arder to expell the strong acide. 

The residue 1s d1ssolved 1n d1lute acet1c acid or n1tr1c ac1d 

To the cooled, weakly ac1d1o test drop add a small fragment 

of the reagent. A dense, yellow granular or amorphous pre­

c1p1tate ot PbCr04 without recognizable crystal form resulta. 

This 1s characterized by 1ts brilliant luster in transmitted 

11ght. 

(b) Hot solutions. In war.m1ng the preparation lead with 

the reagent gives monocl1n1c crystals of PbCr04. These take 

the torm ot plates, slender pr1sms or elongated leaf-11ke 

• 

cryetals. It 1s soluble in NaOH or other alkal1ne solutions. 

The opt1cal constants of this salt have been g1ven under 

Chromium. 

(c).In the presence of a trace of alkali. The addition 

of a minute quantity of alkal1 1s 1nsutf1c1ent to dissolve 

the yellow prec1p1tate of PbCr04 already tormed but usually 

leads to the formation of a basle salt Pb0·2PbCr04, that 

crystall1zes 1n ta1nt redd1sh yellow, reotangular grains and 

plates, or slender pr1sms. This basic chromate 1s orthorhombio. 
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Negative elongation; X 1s parallel to the elongation; 2V 

very small. Ng = 2.57- 2.62, Nm = 2.57, Np= 2.42. 

Pleoohro1sm: X, clear yellow, Y and z, orange yellow. 

~. N1tr1c Acid Test. 

Reagent: N1tr1c acid (HNOa). 

Product: Lead nitrate (Pb(NOa) 2 ). 

Procedure: The nitric aoid solution of the mineral 

to be tested tor lead is evaporated. If lead 1s present, 

colorless, h1gnly retractlve ootahedral crystals or lead 

nitrate may separate before the test drop becomes dry. 

Later, a latt1cework preo1p1tate, in wh1ch the branches are 

arranged normal to one anotherJ may be tormed 1n the residue. 

Lead nitrate 1s 1sotrop1o w1th index of retraction ot 1.7go. 

Colorless. Soluble in water. It d1tfers from the nitrates 

ot the alkaline earths by 1ts higher relief and 1s miscible 

in all proportion w1th barium nitrate (see Arsenic). 

5. Sulphuric Ac1d Test. 

Reagent: Sulphuric acid (HaS04). 

Product: Lead sulphate (PbSO.). 

Procedure: A drop of the reagent 1s added to a test 

drop tbat has had a lllttle of alcohol 1ntroduoed. On gentle 

warming, 1nd1v1dual, dendr1t1c or X-formed slender prisme of 

lead sulphate are torœed. The crystallinity ot the crystals 

varies with the amount ot the reagent 1ntroduoed and the 



concentration of lead in the test drop. The beat resulta 

are obta1ned when the dilute test solution reacte with a 

small quantity ot the reagent. It the concentration ot lead 

in the test solution 1s too high, the prec1p1tate appears to 

be amorphous and does not develop any recognizable crystals. 

The amorphous prec1p1tate of lead sulphate differe from that 

ot barium sulphate in 1ts white color and its high index ot 

retraction. If the amorphous preo1pitate ot lead sulphate 

1s boiled with dllute HN03 and oooled, reotangular plates 

and rhombe separa.te out. 

Lead sulphate 1s orthorhombio. Optic plane 1s 010; 

Z 1s normal to 100. B1ax1al positive; 2V = 60° - 75c. 

Ng = 1.g95, Nm = 1.sg3, Np = 1.~7g. Color white to yellowish 

grey. 

Detection of Manganese 

1. Potassium Chromate Test. 

Reagent: Potassium chromate (IaCrO.). 

Product: Manganese chromate of complex composition 

(Figure 24). 

Procedure: When a t1ny grain of potassium chromate 1s 

added to the neutra! or weakly ac1dic solution, there separate 

1n a tew seconds orange brown rectangular priam, needles and 

leatlets, 1n bundles or rad1ating masses, around the reagent. 

If excess or the reagent 1s used,there will form tiny dark 

' 
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reddish brown globules. The pr1smat1o crystals are often 

arranged 1n a mannar somewhat l1ke that ot cobalt mercurio 

th1ocyanate or of silver chromate, but differ trom them in 

color. Crystal exh1bits negative elongation; strongly 

pleochroic, orange yellow parallel to the vibration plane ot 

polarizer and reddish brown normal to that direction. The 

composition of this complex salt 1s uncerta1n. 

mate manganese does not yield prec1p1tate. 

With bichro-

2. Ammonium Molybdate Test. 

Reagent: Ammonium molybdate ((NH.)sMo7 02•·~HaO). 

Product: Ammonium manganese molybdate ((NH4)aH­

(Mn(MoO.)a) •3H20) (Figure 6). 

Procedure: The dilute HCl solution ot the mineral 1s 

evaporated to dryness. To the dried-up test drop a concen-

trated drop of the reagent 1s added. Monocl1n1c prisme and 

plates ot ammonium manganese molybdate separate as the drop 

becomes dry at the edge. Warming whieh should be avoided 

may obstruct the separation of the well-tormed crystals. 

Ammonium manganese molybdate is monocl1n1c. 

Pr1smat1c cleavage 1s developed. Biaxial negative. The 

opt1o plane contains o - axis and 1s normal to 010; X 1s 

perpendicular to 010. Strongly pleochro1c, Y or Z = color-

lese, X = yellow1sh brown to orange yellow. 

Np= 1.73. The charaoter1st1c clusters and bundles of t1ny 

prisme and needles are tormed only in dilute test solution. 



When concentrated test solution 1s employed, a heavy granular 

preo1p1tate or aggregate of crystals 1s obta1ned. These 

also exhibit the same optlcal propertles. 

Detection of Mercurz 

1. Double Thiooyanate Test. 

Reagent: Cobalt nitrate (Co(NOa)2.6H20) and potassium 

th1ooyanate (KCNS). 

Product: Cobalt mercurio th1ocyanate (CoHg(SCN).) 

(Figure 17). 

Procedure: To the hydrochloric or n1tr1c ac1d test 

drop add the fragments of sol1d cobalt nitrate and potassium 

th1ocyanate. Blue •pnerulites or branches of pleochro1c 

prisme will form depending upon the concentration ot test 

solution appl1ed. In solutions concentrated w1th respect to 

mercurio ions dendritic masses or spherulites are tormed. 

When 1t 1s low in concentration the cryst~ls are obtained in 

the torm of 1nd1v1dual ractangular prisms. The charaoter-

1st1cs of this salt have been discussed under Cobalt. 

Mercurous salts give no such reaction. 

A similar procedure tor mercury ut111zes zinc sulphate 

1nstead of cobalt nitrate. The resulting salt 1s zinc 

merouric thiocyanate whioh will be discussed under Zinc. 

2. Potassium Iodide Test. 

Reagent: Potassium iodide~(KI). 
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Product: Merour1c 1od1de and mercurous iodide (Hgi 2 

and Hgl) (Figure 25). 

Procedure: Apply a sui ta.ble quanti ty of the sol1d 

potassium 1od1de to the n1tr1c or hydrochloric acid test 

solution. If a strongly acidic test drop 1s employed tor 

the test, no crystal 1s tormed as the reagent 1e completely 

dissolved. When excess of the reagent 1s added to a 

moderately conoentrated or dilute test drop, there may be 

tormed the double 1od1de 2KI•Hgia 1nstead of mercurous and 

œercuric 1od1des, because the latter two are qu1te soluble 

in excese or KI. The double 1od1de 2KI•Hgla separates in 

colorless, needle-like or slender pr1smat1c crystals. This 

reaction 1e ot little value tor the 1dent1t1cat1on of mercury. 

The treatment 1s beat perrormed by causing the 11qu1d 

reagent to flow over the test drop, so that the quant1ty of 

the reagent applied can be adJusted if required. Merourous 

salta form the preoip1tate of yellowish green Hg! which 1s 

soluble 1n excess of reagent. In mercurous solutions no 

crystals ot Hgla are formed in any condition. Mercurio salt 

wlth the reagent yields the crystals of Hg! and Hgia. 

Hgi 2 1s metastable and has two crystal phases. 

One phase 1s orthorhombic, oocurr1ng as yellow to reddish 

yellow rectangular plates. Opt1c plane 1s 001 and Bxa 

co1nc1des w1th b - axis. Weakly pleochro1c; absorption equal 

1n the direction or X and Y, and greatest in the direction of z. 



The stable Hgi2 takes place at the expense of the 

orthorhoœbic phase. Crystals are in aggregates or single 

squares, rectangular plates and tablets ot the tetragonal 

system. Un1ax1al negative with No - 2.600, Ne = 2.375. 

Weakly dichro1c with 0 = blood red, E = orange red. 

3. Hydrochlor1c Aoid Test. 

Reagent: Dilute hydrochlor1c acid· (HCl). 

Produot: Mercurous ohloride (HgCl) and mercurio 

chlorlde (HgCl2). 

Procedure: Mercurio salt gives no prec1p1tate with 

HCl except when a suff1e1ent quant1ty has been added to the 

test drop. If mercurio solution is used tor the test, 

proceed as follows: To the nitric test drop containing a 

little alcohol a drop of the reagent 1s added, and allowed 

to evaporate. The crystals of HgCl~ separate in cubic grains 

and slender prisms at the per1phery of the drop. 

orthorhombic, and white in color. The opt1c plane 1s 001; 

X 1s c - axis. 
. 

Nm = l.S50, Np- 1.725. 
Mercurous salt with HCl 1mmed1ately y1elds a heavy, 

white crystall1ne prec1p1tate of HgaCl2, without the addition 

of alcohol to the preparation. From very dilute test solution 

crystals of HgaCl2, as exam1ned under a h1gh power lens, 

appear as white, tiny slender prisme, needles, and cubic 

grains. HgaCl~ 1s tetragonal. Soluble in aqua reg1a. 

, 
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Un1ax1al positive w1th No = 1.955, Ne = 2.6oo. But 1t 1s 

often difficult to obta1n good crystals of Hg2 Cl2 and HgC12 • 

Wash the white prec1p1tate with warm water, and 

repeat a tew times. Then a drop of d1lute NH40H is added to 

the white res1due; it turns grey.to black ow1ng to the tor-

mation ot a mixture or metall1c Hg and HgClNH2 • This reaction 

1s very character1st1c tor the detection of mercury. With a 

h1gh magn1f1cat1on the metallio mercury appears as dark grey 

to black grains, and HgClNH~ as white slender prisme, rectang­

ular plates and grains. HgClNH2 1s un1ax1s.l (?) positive 

with No = 2.19, Ne = 2.21. 

Detection of Molybdenum 

1. Ammonium Acid Phosphate Test. 

Reagent: Ammonium acid phosphate (NH•H2Po.). D1potass1um 

hydrogen phosphate and ammonium chloride may ut111ze to sub­

st1tute tor ammonium acid phosphate. 

Product: Ammonium phosphomolybdate ((NH4)aP04•10Mo03-

•HaO ?) (Figure g). 

Procedure: To the dilute n1tr1c test solution a small 

grain or a drop of saturated water solution of the reagent is 

added. Gentle warming then hastens the precipitation ot the 

complex salt ammonium phosphomolybdate. 

This salt separates tiret in yellow, tiny squares and 

octahedrons, wh1eh develop 1nto tour-po1nted stars, as the 
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drop passes to nearly dryneSS 1 at the circumterence of the drop. 

They are 1sometr1c with an index of refraction greater than 

1.7g5. The tour-pointed star form of ammonium phosphomolyb­

date 1s nearly s1m1lar in crystal habit and color to that of 

ammonium arsenomolybdate 1 but the latter does not crystallize 

in square torm. Ammonium phosphomolybdate 1s insoluble in 

hot water and 1n d1lute nitric acid. 

Tungstate salt forme w1th the reagent ammonium phos-

photungstate having the formula (NH4)sPO••WOa•XH?.O (?). This 

salt is ident1cal with ammonium phosphomolybdate in appearanoe, 

but differe from the latter in 1ts transluscence and white 

co lor. 

Detection of Nickel 

1. D1methylglyox1me Test. 

Reagent: 2% d1methylglyox1me solution in alcohol plus 

an equal amount ot water (C~He(NOH)2). 

Product: Nickel dimethJlglyoxime (N1(C•H7 N~02)~). 

Procedure: Iron, if present in the test drop, must be 

prec1p1tated to iron hydroxide by adding a drop ot 1% NH.OH. 

Otherwise the brick-red coloration that resulte from iron 

with the reagent may color the solution red. Evaporate the 

test solution to a small concentrated drop and make 1t 

ammonical; a drop of the saturated solution of reagent 1s then 

added. No precipitation takes place in HNOa or HCl test 

solution. 



Nickel d1methylglox1me 1s f1rst prec1p1tated in a 

more or less amorphous condition. On standing, pink, clusters 

or aggregates of minute needles and radiates of finely d1v1ded 

slender pr1sms are formed. Color is pink to rose-red. 
' 

H1ghly pleochro1c; interference color blue to pink. No 

other element yields a s1m1lar reaction. This test wae 

originally proposed by Tschngajefte for maoro-analys1s and 

was said to be capable of detecting one part of nickel in 

~OOJOOO parts of water. Moderately large amounts of cobalt 

do not interfere with the test. 

2. Potassium Mercurio Thlocyanate Test. 

Reagent: Potassium mercurio th1ooyanate (KaHg(SCN)~). 

Product: Nickel mercurio thiocyanate (N1Hg(SCN)4). 

Procedure: To a concentrated nitric test solution of 

nickel mineral add the reagent. Nickel yields a pale yellow 

to colorless prec1p1tate of spherulites and small hexagonal 

grains. A h1gh magn1fication is required tor the resolution 

of the crystals. This salt is hexagonal; uniaxial negative. 

No such crystal 1s obtained from a dilute test drop. 

3. Triple Nitrite Reaction (see Interference Reactions and 

Group Reactions). 

~. Ammonium Molybdate Test (see Interference Reactions and 

Group Reactions). 
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Detection ot Phosphorous 

1. Ammonium Molybdate Test. 

Reagent: Ammonium molybdate ((NH4)aMo 7 0a4•4H~O). 

Product: Ammonium phosphomolybdate ((NH.) 3 P04 ·10Moo3 -

·H~O ?) (Figure g). 

Procedure: When a drop of sa.turs,ted water solution ot 

the reagent 1s added to a drop of the acid solution of. the 

m1nera .. l, there sepa.ra.te crystals of ammonium phosphomoly.bdate 

w1thout heating. Its oharacter1st1cs have been discussed 

under Molybdenum. Silicates and arsenates produce isomorphous 

crystals and may cause confas1on. Betore the test tor phos-

phorous, 1t 1s necessary to confirm the presence or absence 

ot silicates and arsenates. 

2. Silver Nitrate Test. 

Reagent: 81lver nitrate (AgNOa). 

Product: Silver acid phosphate (Ag2HP04) or silver 

phosphate (AgaPO.). 

Procedure: To the test drop 1 which should be dilute 

and has been made weakly ac1d1c w1th acetio aold, a drop of 

the dilute solution of reagent is added. Warm gently. 

yellow granular prec1p1tate followed by yellow three-armed 

or tour-armed orystals, dendr1t1c stars, and rad1ates or 

A 

crosses of pr1ok-po1nted crystals are formed. Soluble in 

HN03. Arsenates forms dark red or reddish brown isomorphous 



orystals. 

The compound resulting from silver nitrate with 

phosphate solution is probably silver acid phosphate that 1s 

very unstable in llght or moisture. Hexagonal; un1ax1al 

negative w1th No = l.goq., Ne = l.l9g. On gentle warm1ng of 

the preparation, yellow cubes of AgsP04 may oocasionally 

develop at the periphery ot the drop. 

3. Magnesia Mixture Test. 

Reagent: Magnesium acetate (Mg(CaHs02)2). 

Product: ~~onium magnesium phosphate (MgNH.P0.·6H2 0). 

Procedure: The mineral to be tested should be converted 

to orthophosphate by d1ssolv1ng in HNOa. Transfer a drop or 
the solution to the elide and evaporate to a volume of about 

one drop. Cool, cautiouely neutralized with NH3, adding a 

drop in excess; then 1ntroduce a drop ot magnes1ùm acetate to 

the neutral test drop. Ammonium magnesium phosphate ie slow 

to torm. Gentle warming 1s required to hasten the separation 

ot the reaction produot. This salt first appears as a white 

granular prec1p1tate. On standing, this prec1p1tate develops 

1nto dendr1t1c and star-11ke groupsJ and tinally into well­

formed rectangular tablets, prisme, comb1nat1ons of domes and 

prisme, and hem1morph1c crystals ot the orthorhombio system. 

Biaxial positive; 2V = 37°. The optlc plane is lOO, Z =b. 

Ng = 1.5o4, Nm = 1.496, Np = 1.495. Strong dispersion. 

Colorless to pale yellow. This reaction does not take place 
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in ac1d test solution. 

Arsenates in strongly ammon1oal test solution yield 

a crystalllne preo1p1tate ot MgNH.As0~·6Ha0 1dent1cal w1th 

that of MgNH.Po •• 6HaO in torm and in color. Stannio oompounds· 

do not give such reaction. 

The prec1p1tate MgNH.Aso.·6HaO cannat be d1st1ngu1shed 

by 1ts torm from the analogous phosphate. But a differenti-

atlon 1s possible in that, if the precipitate has been washed 

w1th dilute ammonium hydroxide, is treated w1th silver nitrate, 

the arsenate becomes brown, the phosphate yellow. 

Detection o! 81lver 

1. Ammonium Bichromate Test. 

Reagent: Ammonium b1chromate_((NH.)~cr~07 ). 

Product: Silver bichromate (Ag2Cr207 ) and chromate 

(AgaCr04) (Figure 2g). 

Procedure: The material to be tested 1s dissolved in 

concentrated HN03 and evaporated to dryness. The res1due 1s 

treated with 1% HN03. To the test drop, a grain of reagent 

1s added. Silver salta are preo1p1tated as s1lver chromate 

and silver bichromate, the latter produces only in dilute test 

solution. 

Silver chromate torms blood-red prisme, rectangular 

plates. rhombe and ac1cular crystals. Orthorhomb1o, with 

polyeynthet1c tw1nn1ng. B1ax1al positive; Y= c. Nm = 1.755. 
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2V greater than 55°. Lea.st absorption to Y. 

Silver bichromate 1s tr1cl1n1c, in scale-l1ke crystals, 

triangles, or monocl1n1c plates. Color is lemon yellow to 

orange yellow; asymmetrioal extinction. 

is more soluble than chromate. 

Silver bichromate 

2. Hydroohloric Acid Test. 

Reagent: Hydrochlor1c acid (HCl). 

Product: Silver chloride (AgCl) (Figure 29). 

Procedure: A small drop of d1lute hydrochlor1c acid is 

introduced to a dilute test drop. The first separation of 

the reaction product 1s otten a curdy 1 white precip1tate, in 

which no distinct crystal form can be observed. In this oa.se 

the beat resulte can be performed by recrystall1zat1on in 

NH•OH as tollows: Wash the preparation on the elide with water 

wh1ch bas been slightly ac1d1f1ed with HNOa. The residue 1s 

d1ssolved 1n dilute NH.OH and allowed to evaporate to expell 

the excess ot NH3. Silver ohloride separates in t1ny iso-

trop1c crystals by the decomposition of AgC1•2NH3. It 1s 

essential that the NHa should be completely expelled from the 

preparation, since, if remained even as a trace, AgC1·2NHs may 

be thrown down as masses of white, pleochro1c crystals by 

which the orystals of AgCl will be obecured. W1th slow 

evapors/tion, the crystals of silver chlor1de produced are 

regular oct·ahedra e.,nd cubes. Wi th rapid evaporation they 



orystallize in comblned forme of iaometric crystals. Silver 

chloride 1s isotropie, grey1sh white in color. N = 2.07. 

Detection of Strontium 

1. Oxalic Ac1d Test (see Interference Reactions and Group 

Reactions). 

2. Sulphur1c Acid Test (see Interference Reactions and Group 

Rea.ctions). 

3. Ammonium Bichromate Test (see Interference Reactions and 

Group Rea.ctions). 

Detection ot Sulphur 

1. Calcium Acetate Test. 

Reagent: Calcium acetate (Ca(CgHsOa)2). 

Product: Calcium sulphate dihydrated (CaS0.·2H~O) 
• 

(Figure 19) • 

Procedure: Most sulphides and sulphosalts are easily 

decomposed by n1tr1c ac1d or aqua regia, the sulp~ur being 

Some sulphates that are insoluble in 

acide should be tirst treated by fusion with sodium carbonate 

and then carried down into solution. If the sulphate solution 

obtained reacts with barium ohlor1de, the resulting bar1um 

sulphate occurs as a heavy, white, granular preo1p1tate 1nstead 

ot recogn1zable c~stals. For m1orochem1cal reaction, the 



sulphur 1ons should be prec1p1tated as calcium sulphate by 

calcium acetate, proceed as tollows: 

The test drop on the elide 1s evaporated. The 

residue 1s treated with dilute HCl or brought 1nto a neutral 

solution. / On addition or the reagent, CaS04•2H2 0 separates 

in character1st1c needles, sheaves and radiates. These torms 

cs.n be recrystallized· to arrow-headed twins ( w1 th the vertical 

axis as tw1nning-ax1s) and broad tol1a.ted plates by warming in 

water conta1n1ng a little alcohol. If a strong acid test 

solution 1s used tor test, anhydrate (CaS04) predominates in-

stead of m1orochem1cal gypsum crystals. This procedure 1s 

just the reverse of the sulphur acid reaction with calcium 

(see Detection of Calcium). 

Detection of Tin 

1. Ammonium Chlor1de Test. 

Reagent: Ammonium chlor1de (NH4Cl). 

Produot: An~on1um ohlorostannate ((NH4)aSnCle)(F1gure 3). 

Procedure: A drop of the n1tr1c solution of the mineral 

should be evaporated to dryness. To the dr1ed-up residue a 

large drop of HCl and a tiny fragment of NH4Cl are added. 

It tin 1s present, there separate at once well-formed, color-

less, large octahedra and cubes at the edge of the drop. 

(NH4 )~SnCle 1s isotropie with an index of refraction h1gher 

tban 1. 7 g. Spinal tw1ns ( twinning plane lll) are conUDon. 



Deteot1on of Tungsten 

1. Ammonium Acid Phosphate Test (see Detection ot Molybdenum). 

Detection ot Zinc 

1. Potassium Mercurio Th1ocyanate Test. 

Reagent: Potassium mercurio thiocyanate (K2 Hg(SCN) 4 ). 

Product: Zinc mercuric thiocyanate (ZnHg(SCN)•) (Figure 35). 

Procedure: The best resulte are o·btained when the re-

agent 1s added to a moderately concentrated test drop. Zinc 

mercurio thiocyanate separates as colorless to white feathery 

crosses having branch1ng crystals perpendicular to the four 

main arma. From dilute test drop the crystals produced are 

single pris ms w1 th occas1onal oblique branchee. at both si des. 

Uniaxial or b1axial (?);positive elongation; Nm (?)- 1.5g2-

It 1s often difficult to reveal the optical constants 

froœ these forme. 

2. Oxalio Acid Test. 

Reagent: Oxalic acid (H2C20•·2H20). 

Product: Zinc oxalate dihydrated (ZnC~0••2H20)(F1gure 3~). 

Procedure: The reagent 1s added to the neutral or 

sl1ghtly aoid test solution. Zinc oxalate separates slowly 

as a fine, granular, colorless preo1p1tate; later spherulit1c 

grains appear and finally tiny pseudo-octahedra, united end 

to end in comb1nat1ons. The formula of this compound 1e 



probably ZnC 2 0•·2HaO. The crystals are pseudo-octahedral in 

ha.b1 t and opt1cally bi axial negative; X 1s parallel to the 

elongation. Ng = 1.61g, Nm = 1.609 (estimated), Np= 1.6oo. 

No other elements w1th the reagent gives this character1st1c 

crystal form. 



INTERFERENCE REACTIONS AND GROUP REACTIONS 

It is obv1ous that any reagent may not g1ve the 

normal reaction and crystal habit in test solution conta1n1ng 

1mpur1t1es or other elements which retard or interfere with 

the formation of the normal reaction product. A test drop 

conta1n1ng two or more salts ditfering in bath cations and 

anions may yield puzzling resulte, which are often not inter­

pretable at first. Furthermore, sim1lar1ty in reaction and 

the formation of crystals with s1m1lar habits may result from 

the reaction of different elements with the same reagent. 

It 1s also known that various reactions oocur, vary1ng w1th 

the concentration and the nature of the test solution. Since 

some cations are present 1n minute amounts in minerale of 

heterogeneous composition, they oan not be turther separated 

oy the methode of macro-analysis. It 1s desira-ble to ex­

amine the prec1p1tates from interference reactions and group 

reactions 1n known chemioal system to provide data tor the 

detection of cations present in unknown samples and thus to 

shorten the t1me required tor the complet1on of an analysis. 

The reagents employed are chosen tor their sensitive reactions 

w1th a numbe~ of elements and for the tact that they are all 

less expensive and easily obtainable in a general laboratory. 

It 1s impossible at this time to g1ve a list ot reagents wh1ch 

satisfy all demanda; only the alternative use of different 

reagents and a skill in determ1n1ng the interference reactions 
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Will aftord a rapid means of 1dentity1ng the expected elements. 

In the tollowing pages, there are a number ot reagents and 

reactions whioh have been systematioally studied. These 

prove usetul in 1nterpret1ng the reactions and in identifying 

the reaction products. 

Ammonium Bichromate 

The ammonium bichromate test is very reliable for 

the detection ot sllver and has the advantage of giving no 

reaction w1th a number of the metallic elements. In all the 

examples cited below, unless otherwise noted, it 1s assumed 

that a small concentrated drop or a t1ny fragment of the re­

agent 1s added to the dilute n1tr1c acid test solution on the 

elide. 

Lemon-yellow to orange tr1cl1n1c blades of silver 

bichromate, and blood-red feathery or rlarrow plates ot 

orthorhombic crystale of s1lver chromate. 

Pb Lead often y1elds a yellow, f1nely-d1vided, gran-

ular or amorphous prec1p1tate; no distinct crystal torms 

are observable. Monoclinie crystals of PbCro. separate 

from a weakly ac1d1c, dilute test drop w1th a very dilute 

solution or the reagent. Prisme and rectangular grains 

of Pb0·2PbCrO. (orthorhombic) separate from neutral or 

s~ightly alkali test solution with exoess of the reagent. 
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No precipitate from an acid test solution. In 

dilute ammonical test solution yellow, fusiform crystals, 

sph'r~ites and globulites separate. Symmetrical twins 

are round 1n globular crystals. 

about 1.77. Anisotropiè. 

Index of refraction 

Ba From moderately concentrated test solution barium 

1s prec1p1tated as BaCr04 in a yellow formless maas. 

Yellow monoclinic crystals of BaCra07 and tr1cl1n1o 

crystals of BaCr~07 •2HaO are obtained from a weak acid 

test solution w1th a minute quantity of the reagent. 

Bi From acid, concentrated test solution, a greenish 

Hg 

brown granular prec1p1tate separates. If too dilute a 

test solution 1s used, the reagent colore the test drop 

green1sh brown without precipitate being formed. The 

prec1p1tate produoed from a weakly ac1d1c, moderately 

concentrated test drop, contains greenish red grains, 

crosses and 1nd1v1dual crystals of stout prisms. 

In a concentrated test solution mercurous salta 

yield a yellowish red, granular precipitate of Hg2Cr04, 

wbich becomes lemon yellow or yellowish green on warming. 

W1th a weak acid, conoentrated solution or mercuroue com­

pounds, dark red bundles of monocllnic prisme and needles 

of Hg~0·2Hg~Cr0~ may de~elop. Mercurio salta under sim­

ilar conditions give no such prec1p1tates. 

As Ordinarily arsenio itselt g1ves no prec1p1tate with 
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the reagent. Orange monocl1n1c plates, leat-like crystals 

and tine grains may separate out as the drop becomes dry 

toward the edge. It must be borne in m1nd that these 

crystals are the recrystallization products of a reagent 

from the saturated solution (ammonium bichromate and 

chromate are monocl1h1c). Arsenic, according to Fraser, 

will slowly form colorless octahedrons w1th ammonium bi­

chromate. The wr1ter can not confirm this statement. 

Probably those octahedral crystals are arsenic tr1ox1de 

carried down from the n1tr1c test solution before addition 

ot .. the re agent. 

Fe In some cases, a white amorphous prec1p1tate is 

formed, due probably to the hydrox1de radical in a water 

solution of the reagent comb1ned w1th iron. 

Mo Colora the test drop yellow. 

Sb, Sn, Zn, Cu, Co, Ni, Mn, Cr, Al, Ca. No precipitate. 

Interference Reactions W1th Silver. 

Pb-Ag No interference with s1lver. Lead rarely gives 

yellow prisme. 

Sr-Ag Immediate precipitation of blood-red silver chromate 

and bichromate. No strontium test. 

Ba-Ag Orthorhomb1c crystals of s1lver chromate are well-

developed. A f1ne-gra1ned prec1p1tate of bar1um bichro­

mate forme later. 



Bi-Ag Bismuth yields a yellow1sh green amorphous prec1p1-

Hg-Ag 

tate easily d1st1ngu1shable from the crystals of silver 

chromate and bichromate. If bismuth 1s present in h1gh 

proportions, Ag crystals may be partly masked by the 

amorpbous prec1p1tate. The presence of s1lver can be 

con!irmed by the hydrochloric aoid test in a solution 

conta1n1ng silver and bismuth cations. 

The test tor silver is partly masked when mercurous 

mercury 1s present in excess. In the presence-of silver, 

mercurous salt can be deteoted by the 1od1de test •• 

Silver does not produce blood-red isotropie squares, 

thence this test affords a means of d1fferent1at1ng 

silver and mercury when they are present in the same 

solution. 

As-Ag The tëst tor silver is sat1sfactory. Highly re-

Cu-Ag 

fract1ve, dark triangle and octahedra of uncertain com­

position aocumulate at the periphery of the preparation. 

Crystals ot s1lver chromate and bichromate colored 

blue or green. 

Ammonium Molybdate 

The test drop should ·be :f'irst evaporated to dry ness. 

Dissolve the residue 1n a small drop of 1:7HNOa. To the weak 

acid test drop a minute quantity of saturated water soltltion 

of the reagent 1s added. In some cases, gentle warming 1s 



55 

requ1red to aooelerate the separation of character1st1c 

crystals. 

As T1ny, highly retract1ve, lemon yellow octahedrons 

and four-armed stars separate in cold, oonoentrated test 

drop. Among the common elements, only lead and mercurous 

mercury interfere w1th the arsenic test. In the presence 

of aluminum, As crystals become 1nd1st1ngu1sbable. 

P Octahedral crystals reeemble those formed from the 

arsenic test solution. Light yellow in color. No pre­

cipitation takes place from cold solution. The test tor 

P 1s easily contused with the As precipitate. Pb, Hg 

(mercurous), or Ni maskethe test for phosphorous. 

Al Colorless to white squares and rhom·bs; toliated 

cubic cleavage well developed. Orthorhombic; tw1nn1ng 

on 001 common. Crystals also o·bta1ned from neutral 

solution. Test masked by Cr, Cu, Fe (terrie), Mn, Pb, 

Sn, Zn. 

Fe Ferric iron gives crystals identical with those of 

Ni 

ammonium aluminum molybdate. Test is partially masked 

by Cr, Hg, Pb, Zn, and more so by Al, Cu, Ni, Sn. 

Solution of ferrous sulphate witb the reagent resulte in 

a brown coloration. In the case of terrous nitrate, a 

blue-colored solution or tormless aggregates 1s slowly 

formed due to the reduction of molybdate. 

Gives crystals analogous to those obtained from 



aluminum and terrie iron. They are light yellow to 

colorless, and more transparent and foliated in appear­

ance than the corresponding salta of alum1num and terrie 

iron, but the differences are too slight to atford a means 

of dist1ngu1sh1ng them from the other two salts. The 

index of refraction estlmated in squares (001 of ortho­

rhomb1c) is greater than 1.75. Test for Ni 1s masked 

by Mn, Cu, Sn, Pb, Hg, Cr, Zn, and 1s 1ndistinguishable 

when Al or terrie iron is present. 

Mn Colorless to yellowish orange monoclinic plates and 

narrow prisme at the per1phery ot the drop. Biaxial 

negative; X parallel to the direction of prismatic cleav­

age or of elongation; positive elongation. Strongly 

pleochro1c, Y = Z = yellowish brown to orange yellow, 

X = colorless. No other element gives auch character-

1st1c crystal w1th the reagent. Test for Mn 1s masked 

by Co, Ni; 1nd1st1ngu1shable in the presence of Al, As, P, 

and d1st1ngu1shable in the presence of Ba, Ca, Cu, Fe, 

Hg, Ni, Sr. 

sn Chlorostannio solution gives a dark blue prec1p1tate 

Pb 

cu 

at tirst. On warming, there separate the feathery and 

acicular crystal& at the edge of the drop as the amorphous 

prec1p1tate 1s partly dissolved. 

White, heavy, amorphous preoipitate. 

White acicular orystals in clustera. Reactions not 
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obstructed by other elements. 

Very slender needles, white to colorlees, 1n 

clusters or radiates. 

The follow1ng outline comprises the important be­

haviour of BJIL110n1um moly.bdate w1 th some common elements, and 

may serve as a guide to 1dent1fioation of them. It 1s 

obvious that this reagent 1s usetul for the detection of As, 

P, Al, Fe (terrie), Ni, and Mn. 

1. White, dense granular or amorphous prec1p1tate separates 

at first. 

(a) On gentle warm1ng, the white precip1tate 1s partly 

dissolved; no characteristic crystals are formed 
. 

exoept olusters or aggregates of white acicular 

crystals at or near the edge of the preparation: 

Cu; Co; Hg; Cd; Ca; Sr; (Ba); (Ni); (Mn). 

(b) On gentle warm1ng, the white amorphous prec1p1tate 

1s completely dissolved, and white acicular orystals 

are rarely obtained: Bi; Sb; (Ca); (Ba). 

(o) On heating, white amorphous prec1p1tate rema1ns 

1nsolu'ble; no ac1cular crystals separa te: Ag; Sn; 

Pb; (Sr). 

2. Pleochroio (orange yellow to colorless) prisme or plates: Mn. 

3. Tiny, lemon yellow 1sometr1c crystals: As; P. 

4. Colorless or white, foliated squares, rhombe, or comb1ned 

:rorms: Al; Fe (terrie·); Ni. On addition of NH-t.OH, Al 



and Ni orystals dissolve g1v1ng a white to colorless 
1 

amorphous preoipitate. The ammonium terrie molybdate 

beoomes brown on d1ssolv1ng. 

Hydrochloric Ac1d 

In macroscopical qualitative analysis hydroohloric 

ac1d 1s used as a group reagent to preoipitate the Silver 

Group cations, because they c~n be 1mmed1ately and completely 

carried down into chlorides. Their det1n1te crystal torms 

are easily recognized under the microscope. The optical 

characters of the chlorides of Ag, Pb, Hg, and Ba have been 

discussed in Detection of Individual Elements. Testing for 

these members with HCl 1s often valuable as a rapid means of 

their recognition or elimination. If they are all present 

1n the test drop, they do not interfere seriously with each 

other, except when mercury 1s present in large proportions. 

The tollowing outl1ne may serve as a guide to the identification 

of common chlorides. 

1. A f1nely-d1v1ded, granular material prec1p1tatee at f1rst. 

This 1s soluble in an excess of HCl. The resulte are not 

very character1et1c and are generally d1sappo1nt1ng from the 

viewpoint of m1croscop1cal qualitative analys1s. 

Bi Precipitation of basic chloride B10Cl from hydrolysis 

due to an 1nsuff1c1ent quantity of HCl being added. 

Sb Precipitation of basic chloride SbOCl from hydrolyeie 
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due to an 1nsuff1c1ent quantity of HCl be1ng added. 

Mo MoOa witb HCl ye1lds a blue granular or amorphous 

pree1p1tate which 1s soluble in an excess of HCl. 

Blue coloration resulte. 

W WOs, from ortho- or para- tungstates, yields a yellow 

granular precipitate soluble in excess of HCl. 

2. The tollowing elements do not y1eld precip1tates in dilute 

HCl, but on evaporation, the residue obtained may constitute 

isotropie crystals or amorphous masses: Na; K; Sn; Cu 

(isotropie CuCl and orthorhombic CuC12•2HaO); Sr (rarely); 

Zn (rare ly ) . 

3. Immedis_tely gives dense, wh1 te, granular or amorphous 

preo1p1tate. Character1st1c crystals are observed with a 

high magn1f1cs.t1on: Ba; Pb; Hg (merourous); Ag. 

(a) Isotropie grains and cubes, and monoclinic plates: Ba. 

Sr and Ca. do not form crystals tha.t are isomorphous with 

those of the chlorides of barium. 

of HCl 1s retarded by Ag, Pb, Hg. 

Test for Ba by means 

(b) Orthorhomb1c needles and prisme: Pb; tetragonal rode and 

grains from dilute test drop: Hg. Pb and Hg do not 

interfere w1th each other. 

(c) Highly refractive isotropie crystals predominate: Ag. 

Test tor Ag 1s masked by large amount ot Hg, but not by 

Pb. 
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( d) If no recogniza.ble crystal separatee in the amorphous 

prec1p1tate, proceed as tollows: Wash the prec1p1tate 

w1th warm water. 

1) Preo1p1tate soluble in warm water. 

crystals recrystallize on cooling: Pb. 

11) Prec1p1tate insoluble 1n warm water. 

Orthorhom·b 1 c 

Prec1p1tate soluble 1n NH40H; isotropie crystals separate 

on gentle warm1ng: Ag. 

Prec1p1tate 1s insoluble and turns black grey in addition 

ot NH•OH: Hg. 

Oxalic Acid 

Oxalic ac id. readily torms colorless to white, oryst­

alline prec1p1tates with many cations. In testing for these 

ca.tions the appearance of the crystals obta1ned depends upon 

the nature ot the cations and the concentration ot the oxal1c 

ac id. Most ot them crystallize in elongated monoclinio or 

orthorhombio prisme and plates, and bear a s1m11ar crystal 

habit. Ac1d, normal, and double oxalates, in stable or meta-

stable phase, ma.y be abundant, depending on the concentration 

and temperature conditions. Double oxalates are usually 

tormed when the reagent 1s added to a test solution which 

contains alkalies. The oxalic acid 1s essentially ueed as 

a group reagent to 1nd1cate the presence or absence of a 

number ot elements. 



So far as the writer is aware, the formation of the 

character1st1o orystals of Ca(c~o•)•3H~O and Zn(C,04 )•2H~O 

1s not obstructed by the presence of other elements, except 

when they are present in large proportions. 

The monohydrous oxalates of calcium, strontium, and 

barium, as well as the corresponding carbonates and sulphates, 

seem to constitute an 1somorphous series. This fact is 

observed from experimente. They are all monoclinic and are 

capable of complete 1ntercrystall1zat1on to torm one homo-

geneous substance. The value of the indices of retraction 

decrease with variation in composition· from Ca(c~o•)•H?.O 

through Ba(c~o•)·H~O to Sr(C~O•)•H20, but the Np of Sr(CaO•)•HaO 

1s shown graph1cally not to lie on the downward curve. It 1s 

probably better to consider this strontium salt as a separate 

mineral. The monohydrous oxalates of calcium and barium can 

be miscible 1n all proportions in a manner s1m1lar to the 

plagioclase feldspars, but the strontium salt has a more 

11m1ted m1sc1b1lity with each of the other two. A monoolinic 

crystal obtained by adding the reagent to the weak acid test 

solution conta1n1ng approximately equal amounts or Ca and Ba 

cations, shows that 1te three indices are 1ntermed1ate between 

the correspond1ng ones of the pure monohydrated calcium oxalate 

and monohydrated barium oxalate. 

The tests outlined below are pertormed, at room 

temperature, by add1ng the reagent to the acetic or dilute 

nltric acid test solution. 
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Ca With oxal1o ac1d 1mmed1ately produces a prec1p1tate 

ot tribydrated and monohydrated oxalates ot calcium. 

Ca(C20•)•3Ha0 otten takes place in a concentrated test 

solution and has two crystal phases distinguished one 

from the other by crystal torm:-and refringence. The 

1sometr1c phase 1s unstable and crystallizes in oeta-

hedrons. Another phase seems to be tetragonal and 

crystallizes in sub-angular squares (bs.sal section of the 

tetragonal crystals). These exist even 1n the presence 

ot other elements. Ca(c2o.)•Ha0 is monocl1n1c and hae 

h1gher indices than the corresponding compounds of 

bar1um and strontium. 

Ba Yields a preo1p1tate ot tr1hydrated and monohydrated 

oxalates of barium in dilute, weak aoid test drop. 

Ba(C~0•)•3H2 0 abounds when the test solution 1s concen­

trated w1th respect to Ba, and crystallizes in tiny, highly 

refractive, sharp-edge squares and octahedrons. 

Ba(C~04)•Ha0 crystall1zes in f1brous bundles and aggregates 

of elongated monool1n1c prisms. 

sr W1th oxalic acid strontium forma two oxalates. At 

first s1ght the crystals produced develop as rhomb1c an4 

elongated s1x-s1ded plates, hav1ng rounded corners ot the 

orthorhombic system. Later, monohydrated oxalate ot 

strontium torms at the expanse of the orthorhombic crystals. 

This resembles the correspanding compounds of barium and 

calcium 1n crystal habit. 



Co 

Zn 

Pb 

The formula of the orthorhombic crystals 1s un­

certain. They show positive elongation. Biaxial 

negative; opt1o plane normal to 001; Nm (?) = 1.545. 
Sr(c~04)•Ha0 crystallizes in monocl1n1o plates. 

The opt1o plane and X are normal to 010; the angle 

between Y and o-axis 1s about 6° • B1ax1al positive 

with 2V greater than 60°. 

Np = 1.533. 

Ng = 1.543, Nm = 1.539, 

Silver g1ves a colorless to white prec1p1tate ot 

tiny rectangular prisme, rods and monocl1n1c prisme. 

They are single or in crosses. 

nearly to 1.615. 

Biaxial negative; Nm 

Elongated barrel-shaped rods and needle-11ke crystals; 

arrangement of these crystals are s1m1lar to those of 

s1lver oxalate. Orthorhomb1c; negative elongation; 

Nm = 1.613. 
Pseudo-octahedra in combination (see Detection ot 

Zinc). 

From dilute test drop the crystals separate at the 

periphery ot the drop in the torm ot large-s1ze, slender 

and stout monocllnic plates and prisme. Negative 

elongation, high birefringence and strong pleochrolsm. 

Addition ot a large amount of concentrated reagent to a 

concentrated test drop may cause the formation of a 

dense, granular prec1p1tate which w1th a high magn1f1oat1on 

appears as dentr1t1o aggregates and crosses having 
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tern-11ke branches. These resemble forma ot the zinc 

mercurio th1ocyanate orystals. 

Gives a granular preo1p1tate ot tiny spherulites 

olosely resembling the trihydrated oxalate of calcium 

in appearance. 

Sb Monocl1n1c plates and prisme resembling tbose 

obta1ned trom d1lute test solution of lead or silver. 

Bi Needle-like crystals and prisme ohiefly in clusters 

Al 

or aggregates. 

Slender prisme and needles arranged in star-llke 

groups and radiates. Ind1v1dua.l orystals resemble those 

of oxalates of lead, silver, antimony, etc; broad mono-

cl1n1c plates are rare. It 1s charaoter1zed by the s1x­

rayed tw1nned crystals. MnCa04•3H20 is b1ax1ally 

positive; opt1c plane parallel to lOO; Nm = l.~S5, Np 

nearly = 1.43. 

Colorless, highly retract1ve, monoclinic tablets 

and orthorhombic rhombe or prisme. 

sn Short prisme and hexagonal plates. Pr1sms resemble 

those tormed by antimony and silver. The hexagonal 

plates are uniaxial negative. 

Interference Reactions With Calcium, Strontium, and Barium. 

Ag Cd cu Bi Pb, Sb, Sn, Zn, Mn, and rare earths. Crystals 
1 1 , , . 

ot the oxalates of these elements are ind1st1ngu1shable 

from those ot the monohydrous oxalates of calcium, 
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strontium, and bar1um. 

are present. 

Contusion may result if they 

Sr Strontium does not interfere w1th the separation ot 

the trihydrous oxalates ot calcium an4 barium. No t1ny 

cubes and spherulites are obtained from strontium salta. 

Crystals of monohydrated oxalate ot strontium resemble 

those of bar1um and calcium; in these cases, sulphuric 

acid 1s used as a reagent to test tor barium and calcium. 

Ba The sharp-edged squares and octahedrons of BaC20•-

•3HaO are d1st1ngu1shed from the spherulites ot 

CaC20••3HaO. 

Potassium Iodide 

The potassium 1od1de test 1s extremely sensitive 

tor the detections ot lead and mercurio mercury but 1s lese 

sat1sfactory tor those of ant1mony, bismuth and arsenic. 

The iodides of lead, copper, silver, and tin (stannous) are 

yellow to yellow1sh white in color, those of mercury, antimony 

and bismuth are dark red or nearly so, while that ot arsenic 

1s yellowish green to yellow1sh orange. Unless otherwise 

stated, the reactions given below tor comparison are pertormed 

by adding a small fragment ot potassium 1od1de to the n1tr1c 

test solution. 

Pb Yellow hexagonal plates ot Pbi2 separate from a 

dilute test drop. This preo1p1tate 1s soluble in an 

excess of reagent. The dense, amorphoue prec1p1tate 
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ot Pbia 1s br1ll1ant yellow by tranemitted l1ght; this 

character attords a means of d1st1ngu1sh1ng from the 

other yellow 1od1de prec1p1tate. In the presence of 

small amounts of Bi, As, and Sn, crystals of Pbia are 

distinguishable. Ag, Cu, and Hg do not mask the iodide 

test tor Pb. 

Hg Mercurio salts give the metast~ble compound Hg!~ in 

orange to red squares and rectangular plates. They are 

soluble in an excess of reagent. Sb and Bi interfere 

w1th the 1od1de test tor mercury. In the presence of 

little Cu, Ag, Pb, As, the crystals of Hgi~ are d1s­

t1ngu1shable. 

Ag Silver w1th the reagent torms a granular or amor-

phous prec1p1tate having a yellowish white color. Onder 

certain condition the t1ne-gra1ned prec1p1tate ot Agi 

appears, under a higb magn1f1cat1on, as t1ny hexagonal 

plates and scales. It the yellow prec1p1tate of Agi 1s 

heated w1th dilute n1tr.1c ac1d, AgiOa prec1p1tates 

crystall1z1ng as elender prisme or needles. Agi is hex-

agonal; uniaxial positive, No = 2.21g, Ne = 2.229; 

yellow1sh white by retlected light and taint yellow or 

yellowish green by transmitted light; soluble in exoess 

of KI and insolu-ble in NHa. AgiOa 1s pro·bably ortho-

rhomb1c; negative elongation; index of refraction lower 

than that of silver iodide; pleoohroio; pale yellow1sh 



green bJ transm1tted light; soluble in NHa and insoluble in 

sodium chloride solution. 

Sb No prec1p1tates from a strongly ac1d1c test solution. 

In HCl solution antimo·ny yields a yellow coloration with 

the reagent. The n1tr1c concentrated test solution of 

antimony salta with the raagent torms dark red or brown1sb 

red orystals of Sbia. Some ot them resemble the rectang-

ular plates and pr1sms ot Hgi2, wh1le some crystall1ze 

as hexagonal plates. Sbia 1s un1ax1al negative with 

No = 2.7g and Ne = 2.36. If the reagent is added to a 

1% HNOa test solution a basic salt SbiOa in faint yellow 

rhombe and monool1n1o plates 1s usually obta1ned. SbiOa 

1s b1ax1al negative; the opt1c plane 1s normal to 010, 

X= b, the angle between Z and c-ax1e 1s 29°; Nm = 1.602. 

The basie salt 1s metastable. The b1ax1al phase appears 

tiret then gradually inver~s to another phase wh1ch 1s 

un1ax1al positive w1th No= 1.6~7· and Ne = 1.6~1 - 1.643. 

In the absence ot mercury and bismuth, the coloration of 

Sbi 3 1s sufficient to indicate the presence of Sb. 

Bi Bi 1s prec1p1tated as Bila in dark red squares and 

prisme closely resembl1ng those or Hgi2 and of Bbla 1n 

appearance. 

1s soluble. 

In cold water, B1I3 1s insoluble, while Sbia 

If an exoess ot the reagent 1s added, the 

double salt B1l3•KI•2H2 0 separates as yellow or orange 

hexagonal disks. Bila 1s more easily produced in warm 
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test drop. 

As usually y1elds a yellowieh green to yellow orange, 

Cu 

Sn 

Fe 

amorphous prec1p1tate. Well-tormed crystals of Asi3 

are tormed from a dilute hydroohlor1o (rarely n1tr1c) 

test solution. Asia is hexagonal and orystallizes in 

hexagonal and tr1gonal basal plates. Un1ax1al negative 

w1th No = 2.59 ±, Ne = 2.23 ±. Color yellow orange. 

It olosely resembles Pbi~ in torm but bas h1gher indices 

and appears dark grey by retleoted light. 

Cuprous salta give a yellow amorphous prec1pitate 

that 1s soluble in an exeess of the reagent and causes 

the KI set tree to crystallizeas colorless isotropie 

crystals. 

No prec1p1tate 1s formed from stannic salts. 

Stannous salta g1ve a yellow white amorphous preoipitate 

that 1s soluble 1n an excess of KI. 

No prec1p1tate torms, but the test solution turne 

yellow or yellowish brown. 

Al, zn, Ni, Mn, Cr, Co, Ca, Sr, Ba, Mo. These elements do 

not y1eld prec1p1tates nor do they interfere w1th the 

tests tor Pb and Hg. 



Potassium Mercurio Th1ooyanate 

This reagent 1s prepared by d!ssolv1ng one part of 

Hg(SCN)2 and 3 to 5 parts of KSCN in a minimum quant1ty of 

water. Stir unt11 a complete solution 1s obtained, and 

evaporate to crystall1zat1on at room temperature. Cool, wash 

the crystalline residue w1th alcohol, and dry. 

K2Hg(SCN)4 1s monocl1n1c; crystals in needles or 

plates. Y nearly = c, Z = b, (-)2V = nearly 90°. Ng = 1.9+, 

Nm = 1.g, Np = 1.6~5. White to colorless. This salt can 

be recrystall1zed, on gentle warming, in those test solutions 

with wh1ch the reagent g1ves no reactions. 

This salt y1elde sensitive reactions with a number 

ot common metallio elements and gives delicate crystals 

espec1ally when 1t reacts w1th the salts ot Co, Cu, and Zn. 

Although some crystals produced are metastable, but their 

character1st1c colorations are generally reliable for their 

1dent1t1oat1on. It two or more elements are present in the 

test drop, the crystals separated are slightly different trom 

tbose obtained by normal reaction with the 1nd1v1dual elements 

and are apt to atta1n the1r torms and colora partially 

1dent1cal with those of the normal reaction produots. This 

cbaracter may afford a means of est1mat1ng the approx1mate 

percentage of the cations present in the test drop. 

All the reactions c1ted below are pertormed by adding 

a small fragment or a drop ot saturated water solution of 
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reagent to the dilute n1tr1c test drop. The figure enclosed 

1n the parenthesls 1s used to denote the concentration of that 

cation 1n the test solution, i.e., N1(1) represente a 1% test 

solution of nickel. 

Zn White teathery crosses w1th short branches oblique 

or perpend1cular to the tour main arme. From very dilute 

solution this salt crystallizes in single prisme. 

Zn(l) Co(O.l) Co largely masked; all Zn crystals colored 

blue. 

Zn(l) Co(l) Greyish blue dendr1tio crystals and bundles 

of prisme. 

Zn(O.l) Co(l) Zn crystals are rarely present. Co crystals 

separate in normal torm. 

Zn(l) Pb(l) Pb does not give crystals and interferes with 

the zn test. Even when the concentration of Pb 1s much 

above 2%, there separate a tew crystals of PbHg(SCN)• 

later than the Zn crystals. 

Zn(l), Ag(l), Hg(l), Pb(l) In a test drop conta1n1ng equal 

amounts of these 1% test solutions, separate only the Zn 

crystals. 

zn(l) Cu(l) The greenish grey prisme and needles of Cu 

salt separate tiret and a tew Zn orystals appear later. 

zn(O.l) cu(l) zn crystals are difficultly recognized. 

Zn(l) Ag(l) Crystals of both ealte are d1st1nguishable. 

zn(l) Ni(O.l) Pale brown to white spherul1tes of N1 
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crystals torm. Test tor Zn not sat1sfaotory. 

Zn(O.l) Ni(l) Ni retards the separation of zn crystals. 

Cu Yellow1sh green needles and prisme, 1n dendr1t1c or 

radiating aggregates, separate from concentrated test 

drop. In 1% test solution this salt crystallizes 1n 

single needles, dagger-shape·d and arrowhead-shaped 

cry etals. 

Cu(l) Pb(l) Cu and Pb do not intertere with each other. 

When the percentage of Pb is lower than 0.1 in test 

solution, the test tor Pb 1s often not satisfactory. 

Cu(l) Ag(O.l) Cu crystals dist1ngu1shable. Ag test not 

sat1sfactory. 

Cu(l) Ag(l) Cu test masked by the granular prec1p1tate 

of Ag salt. 

Cu(l) Co(O.l) No Co crystals separate. 

Cu(l) Co(l) Co does not retard the separation ot Cu crystals 

Cu(O.l) Co(l) Cu crystals are oolored bluisb green, and 

separate later than those ot Co salt. 

cu(l) Sn(l) The dense prec1pitate of Sn salt retards the 

separation ot Cu crystals. 

cu(l), Hg(l), Ag(l), Pb(l) The test for Cu 1s not sat1s-

factory 1n the presence of these elements. 

Cu(l) Fe(l) Cu crystals colored brownish green. 

co Blue·prisms of CoHg(SCN)• are arranged in rad1at1ng 

masses and star-like groups. The 1ntens1ty of color­

ation depends upon the Co concentration in the test 
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solution. Except tor Zn, Hg, Ag, and Pb, no other 

elements give serlous 1nterterence reactions with the 

test tor Co. 

Pb A colorless to wh1 te granula.r prec1p1 tate separates 

in conoentrated test drop. In a 1% solution, there 1s 

a slow precipitation ot colorless, monocl1n1e plates and 

atout prisme. 

Ag When the concentration of Ag 1s high, s!lver may 

g1ve a granular precip1tate or f1nely d1v1ded aggregates. 

Colorless, tiny leatlets and slender prisme with oblique 

ends are tormed 1n a 1% test solution. 

Ni Nickel 1s prec1p1tated as spherulites and t1ny 

hexagonal grains wh1ch are pale yellow to colorless and 

are un1ax1al negative. 

Fe Solution colored reddish brown. The 1ntens1ty of 

coloration 1ncreasee with the r1se in Fe concentration. 

Hg, Sb, Bi, Cr, Mn, Sn No prec1p1tate. 

Sulphur1c Acid 

Sulphuric aoid. is the most satistactory reagent tor 

the detection of alkal1ne earths. The reagent 1s applied in 

1ow concentration to a oold, neutral or sl1ghtly ac1d1c, 

moderately concentrated test solution unless otherw1se noted. 

ca Clusters of acicula.r orystals of m1crochem1cal 

gypsum separate from HNOa or HCl test solution. Re-

crystallization may g1ve well-formed monocl1n1c crystals. 



crystals ot m1crochem1cal gypsum are soluble 1n warm 

water and acide. 

Sr Yields white to colorless acicular orystals wh1ch 

Ba 

Pb 

soon develop to a granular prec1p1tate ot minute squares 

and rhombe. The composition ot the acicular crystals 

1s Srso., correspond1ng to the natural substance celesite 

which 1e described in great deta.il in many textbooks of 

mineralogy. The squares and rhombe are isotropie with 

an index of refraction greater than 1.7g, and are more 

developed on gentle warming. The tormula of this salt 

is uncertain. All these crystalline prec1p1tates are 

soluble in acide and insoluble in dilute sulphur1e acid 

and alkal1es. 

G1ves a white, tine-grained amorphous prec1p1tate 

in wh1ch the t1ny orthorhomb1c crystals of Baso~ can 

hardly be recogn1zed. BaS06 1s insoluble in water and 

not appreciably soluble in dilute n1tr1c acid. 

Lead sulphate rarely separates as white needle-like 

crystals or slender prisme, either singly or in crosses. 

More otten 1t g1ves a dense, white, granular or amorphoue 

prec1p1tate 1nd1st1nguishable troœ bar1uœ sulphate. 

Insoluble 1n water but will dissolve in HNOa w1tb 

d1ff1eulty. 

Ag colorless, h1ghly retractive, rhombe and short prisme 

separate from the concentrated test drop (Figure 32). 

These are soluble in water. 



Hg Mercurio salta give no prec1p1tate with the reagent. 

Merourous salta in a concentrated solution yield 

aggregates of ac1cular crystals and slender prisme. 

Bi Bismuth produces a prec1p1tate 1nd1st1ngu1shable 

from that or Hgaso~. 

Triple Nitrite Reaction 

The triple nitrite react.1on 1s dependable tor the 

test ot Pb, Cu, Co, and Ni. The formula of the reaction 

product 1s XaYZ(N02)s, in which X may be K, Rb, Cs, Tl; Y may 

be Pb, Ca, Ba, Sr; and z may be Co, Cu, Ni. The general 

procedure tor detection ot Z (metallic elements Co, Cu, Ni) 

is as tollows: To the dried-up test drop add acetic acid, 

sodium acetate, acetate of Y (usually lead acetate preferable), 

and a slight excess ot solid nitrite of X; tiny cubes of 

triple nitrite are obta1ned. The introduction of KN02 as a 

reagent may give large aize oubes ot potassium triple nitrite 

K~YZ(N0~) 8 • In the formation ot K2YCu(NOa)s crystals, a 

large amount ot copper acetate 1s often requ1red tor the re-

action. No crystal& separate from a strong acid test drop. 

All the potassium triple nitrite salts and their 

colore are tabulated below. They are isometric, highly re­

fr&ctive,and have the index higher than 1.7g. Most of them 

are yellow to dark brown. However, when the cubic orystals 

are tormed 1n the preparation, further detection 1s requ1red 
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tor the oont1rmat1on ot the suspected element. 

KaPbCu(NOa)a, dark brown to black. 

KaPbCo(NO~)e, redd1sh yellow to dark brown. 

IaPbNi(N02)e, yellow1sh brown. 

KaCaNi(NOa)e, bright yellow. 

I~SrN1(NOa)e, yellow red. 

K2BaNi(NO~)s, yellowish brown. 

KaCaCo(NOa)s, dark grey. 

KaSrCo(N02)e, grey. 

K~BaCo(NO~)a, yellowish green to green. 

KaCaCu(N02)s, colorless to white. 

K~SrCu(NO~)a, ligbt yellowish brown. 

K~BaCu(N02)a, yellow. 
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Fig. 1. Ammonium aluminum 
molybdate. X200. 

Fig. 3. Ammonium chloro­
stannate. X80. 

Fig. 5. Ammonium ferric­
œolybdate. X200. 

Fig. 2. Ammonium arseno­
molybdate. X250. 

a b 

Fig. ~. Ammonium terrie 
chloride (a) and 1m1xed crystals 1 

(b) of ammonium chloride and 
terrie chloride. XlOO. 

Fig. 6. Ammonium mang.anese 
molybdate. Xl50. 
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Fig. 7. Ammonium nickel 
molybdate. X200. 
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Fig. S. Ammonium phospho­
molybdate. X200. 

0 

Fig. 9. Antimony oxyiodide. Fig. 10. Arsenic trioxide. 
Xl50. XlOO. 

Fig. 11. Barium bichro­
mate. Xl50. 

Fig. 12. Barium chloride 
(a) and dihydrated barium 
chloride (b). Xl50. 



Fig. 13. Barium oxalate 
monohydrated. X200. 

oCJ 
(00 oo 

Fig. 15. Bismuth potassium 
sulphate. Xl50. 

Fig. 17. Cobalt merouric 
thiooyanate. Xl50. 

Fig. 1~. Bismuth iodide. 
. X200. 

Fig. 16. Calcium oxalates, 
monohydrated (a) and tri­
hydrated (b). X200. 

Fig. lS. Copper mercurio 
thiocyanate. Xl50. 



Fig. 19. Crystals of 
microchemical gypsum. 
XlOO. 

Fig. 21. Lead chromate 
(aJ and basic chromate (b). 
X250. 

Fig. 23. Lead mercurio 
th1ocyanate. XlOO. 
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Fig. 20. 

Fig. 22. 

Lead chloride. 
xgo. 

Lead iodide. 
XlOO. 

Fig. 24. Manganese chromate 
of complex composition. XlOO. 
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Fig. 25. Mercur1c 1odide 
(a} and mercur1c potassium 
1od1de (b). XlOO. 

Fig. 27. Potassium-lead­
oopper nitrite. xao. 

F1g . 29. Silver chlor1de. 
XlOO. 

go 

F'lg. 26. Potassium alum. 
XlOO. 

b 

Fig. 2g. Silver chromate 
(a} and bichromate (b). 
XlOO. 

Fig. 30. Silver iodate. 
X200. 



Fig. 31. Silver mercurio 
th1ocyanate. XlOO. 

Fig. 33. Strontium chro­
mate. XlOO. 

Fig. 35. Zinc mercurio 
thiocyanate. Xl50. 

Sl 

Fig. 32. Silver sulphate. 
XlOO. 

o 0 o 
0 0 0 0 

0 0 
0 

Fig. 34. Zinc oxalate di­
hydrated. XlOO. 
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