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Introduction

The field methods described in this open-file report -were developed 
for use in geochemical prospecting and have not been published. They 
are being placed on open file to make them available to interested persons. 
The methods for niobium and vanadium are preliminary reports and as such 
should be used with caution. The methods for copper, zinc, and lead by 
nitric acid digestion, and for manganese, antimony and arsenic have been in 
use for more than a year and have been found reliable. The method for the 
determination of cobalt in water has been used successfully in one district, 
and the method for determining citrate-soluble heavy metals has given 
favo-°ble results in several districts. The method for determining germanium 
in coal has been tested briefly on coals of known germanium content.
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Determination of Microgram Quantities of Antimony in Soils and &ocks

by 

Fo No Vferd and H. W. Lakin

Introduction

A relatively rimple, rapid, and moderately accurate method for the 
determination of traces of antimony in soils and rocks is described. The sug­ 
gested procedure is applicable to samples containing from 0«5 to 50 PP171, and "with 
modifications it can be used on samples containing larger amounts. Data obtained 
during the development of the method shows that four determinations on two rocks 
containing less than 2 ppm of antimony agree within O.ii ppm and that four deter­ 
minations on seven soils containing 2 to 10 ppm of antimony agree within 1 ppm 
of the mean.

The reaction of antimony (V) with rhodamine B^ an anthrone dye, was announced 
by Eegriewe (192?), in 1927   In hydrochloric acid or in sulfuric acid containing 
chloride, antimony (V) reacts with rhodamine B to form a red-violet compound or 
complex ion of unknown composition.

The reaction of rhodamine B with antimony (V) is selective rather than 
specific. Therefore, antimony must be separated from as many interfering 
elements as possible. Extraction of antimony (V) from hydrochloric acid 
solution with isopropyl ether,' studied in detail by Edwards and Voigt (l9l(9), 
effects a reasonable separation of antimony from many elements. Specifically 
Maren (l9i|-7) observed that isopropyl ether extracted slightly more than 90 percent 
of antimony (V) from 1,5 to 2 molar hydrochloric acid, and that the antimony- 
rhodamine B, although not extractable by isopropyl ether, could be formed as a 
fine dispersion in the isopropyl ether phase by shaking an isopropyl ether 
solution of antimony (V), with an aqueous solution of rhodamine B.

Experiments were made which established the conditions under which the 
antimony-rhodamine B compound could be obtained as a stable dispersion and 
subsequently treated as a solution. The isopropyl ether extraction separates 
antimony from bismuth, chromium, cobalt, lead, and tungsten (Sandell, 195°)« 
Conversely, the isopropyl ether extracts with antimony such elements as iron (ill), 
arsenic, gold, tin, and thallium. Therefore, it was necessary to establish the 
maximum permissable amounts of these elements which could be allowed during a 
single determination. The suggested procedure pe-rnits the determination of 
2 micrograms of antimony in the presence of iron. 30,000 micrograms; arsenic, 
250 micrograms| gold and/or thalljum, 300 micrograms, and tin, 1000 micrograms.

The method was found to be applicable to routine laboratory and field use, 
Under field conditions, the method has been used to determine traces of 
antimony in as many as 20 soil samples in an S-hour day.
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- ; Reagents'and Apparatus Required for Field Determinations

Flux, fused sodium bisulfate. Prior to use, heat in a porcelain casserole 
and fuse gently £ or 5 minutes. Cool and crush cake.

Hydrochloric acid, 6 M. - * r '.   

Hydrochloric acid, 1 M.

Standard antimony solution, 0.1 percent antimony in 6 M hydrochloric acid. 
Dissolve 0.27/4. grams of antimony potassium tartrate in 100 ml 6 M hydrochloric 
acid.

Standard antimony solution, 0.002 percent antimony in 6 M hydrochloric 
acid,Dilute 2 ml of 0.1 percent standard solution to 100 ml -with 6 M 
hydrochloric acid.

Ceric sulfate.' Dissolve 3»3 grams of anhydrous eerie sulfate in 100 ml 
0.5 M sulfuric acid.

Hydroxylamine hydrochloride. Dissolve 1 gram of hydroxylamine 
hydrochloride in 100 ml vv-ater. -

Isopropyl ether. Practical grade is suitable provided it is peroxide- 
free. Saturate -with 1 M hydrochloric acid.

Rhodamine B reagent. Dissolve 0,02 grams of rhodamine B, (Tetraethyl 
rhodairine^ in 100 ml 1 M hydrochloric acid.

Sodium sulfite. Dissolve 1 gram sodium sulfite in 100 ml v;ater. 

Mullite mortar and pestle, outside diameter of mortar, 75 mm«

One sieve, $0 mesh. The sieve consists of silk bolting cloth, an 
aluminum holder having an outside diameter of 100 mm.

One aluminum receiver, to fit the sieve holder. . , 

One small camel f s hair brush. ; " .. ' ... 

Borosilicate glass culture tubes, 1$ x 1^0 mm. ..,-.. - 

Tubes^ flat bottom, 1)4 x. &0 mm 'outside dimensions. /. ,-. , .  _ ; -.. ; 

^Separatory funnels, Squibb type,' 125 ml capacity. , '.'.-,/ ^ .     :  

-.One 100~ml borosilicate glass volumetric flask'with stopper. 

^One test tube rack holding at least 20 tubes. 

. One separatory funnel rack holding U to 6 funnels. _. ' ^' ^ ',.-. r̂ -.. ,.:; -

^Balance, .torsion, with" sensitivity of 0.002 gram. ' "' ' ,"^ , . * ...
-:;--.:::-<? ?'& ^i>viV-" ' ~S " ^ f r^'-:^^~ ~ ''' . "  - ' : { l ---- ^ ' L ' * ;*' '

- .Six 5~ml pipettes, calibrated in tenths of a ml. .- -

,-: : .::   - '"  --y >,; -k- : " -.' "' f '.^.^'.



One 0.1-ml pipette, calibrated in hundredths of a ml.

One 50-ml graduated cylinder.

Filter paper, No« 1^2 Whatman, 7-czn. diameter.

Funnels, small, diameter of top, ij.0 mm.

Spatula, small porcelain,

One portable gasoline stove.

Water, purified by passing tap -water through one of the several 
types of resin demineralizers now commercially available.

Procedure

Solution of Sample

Place 0.2 gram of soil or rock ground to pass the SO mesh sieve and 
1.5 grams of flux in a culture tube. Mix the contents by alternately 
rotating the tube and tapping gently against a hard surface. Heat the tube 
to effect a fusion of the contents. Continue the fusion until 'practically 
all of the organic matter is destroyed and the tube is full of white fumes. 
Remove tube from heat and while cooling, rotate to form a thin cake around the 
inner wall« When the tube and contents are cool, add 6 ml 6 molar hydrochloric 
acid; heat the tube gently and stir the contents until the salts resulting 
from the fusion are in solution. DO not allow the solution to boil. Add 1 ml 
sodium sulfite reagent and 3 ml 6 molar hydrochloric acid. Shake tube gently 
to mix contents. Transfer the contents of the tube to a funnel fitted -with a 
dry, number Ii2, fluted filter paper and collect filtrate in a 125-ml separatory 
funnel. Rinse tube and the residue on the filter paper tvd.ce with 3 ml h°"fc 
6 molar hydrochloric acid and once with 2 ml hot avater.

Isopropyl ether extraction of antimony

Cool filtrate in the separatory funnel to 25° C or less, add 3 ml eerie 
sulfate solution and shake. Add 10 drops of aqueous hydroxylamine hydro- 
chloride, shake and allow the funnel contents to stand 1 minute or until the 
excess eerie sulfate is destroyed. Add i|5 ml water and cool the solution to 
25°C or less. Add 5 ml isopropyl ether to the funnel and shake the funnel 
with moderate vigor for 30 seconds. Allow the solution to stand 5 minutes and 
drain off all but about 0.5 ml of the aqueous phase. Add 2 ml of a 1 molar 
hydrochloric acid solution of hydroxylamine and shake the funnel for 1 to 2 
seconds. Allow phases to separate and drain off all but about 0.5 ml of the 
aqueous phase. Add 2 ml of a 1 molar hydrochloric acid and shake for 1 to 2 
seconds. Allow phases to separate as before and drain aqueous phase.

Estimation

Laboratory. Add 2 ml of rhodamine B reagent to the funnel and shake the 
contents for 10 seconds. When the phases have separated, pour the isopropyl 
ether into a cuvette and measure the absorbance at 5-^5 ^° 555 millimicrons. 
Determine the number of micrograms of antimony from a previously established 
standard curve.
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Field*"-In the field, transfer a J-mL portion of the isopropyl ether 
solution of the antimony-rhodamine B compound obtained from a sample to a 
small flat-bottomed Ness3ar tube* View axially and compare with the 
isopropyl ether solutions- of the antimony-rhodamine B compound prepared 
similarly from 0.5, 1, 2, 3, and U micrograms of antimony,

In the laboratory, if the absorbance of the isopropyl ether solution 
obtained from a sample is too great for accurate measurement, or in the 
fieM, if the color intensity of the ether solution is greater than that 
OA. the standard solution prepared from Ij. micrograms of antimony, dilute 
the isopropyl ether solution obtained from a sample with isopropyl ether 
and shake v/ith 2 ml of rhodamine B reagent. Repeat until the absorbance 
is within a measurable range. Multiply the number of micrograms of 
antimony present in the similar standard by a factor obtained by dividing 
the final volume of isopropyl ether by l^ instead of 5, because about 
1 ml of isopropyl ether is not recovered from the first extraction.

Multiply the results obtained by either method of estimation by 5 "to 
convert to parts per million, or divide by 2000 to convert to percent.
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A Field method for the Deternirnation of Traces of Arsenic in Soils 

A confined Spot Procedure Using a Modified Gutzeit Apparatus.

by 

Hy Almond

Introduction

Generally traces of arsenic are determined by either the Grutzeit or 
cenum blue procedure. Although reduction to the molybdenum blue 

complex is a very sensitive test, it is not a suitable method under field 
conditions because silica and phosphate interfere. In the laboratory, 
arsenic is separated from most interfering substances by distilling the 
arsenic nalide or hydride, but this method is too awkward for field use. 
jSjptherirtore, to determine arsenic by the reduction to molybdenum blue 
the reagents must be free of arsenic, phosphorus, silicon and germanium, 
ail of which react -with ammonium molybdate. The ammonium mclybdate itself 
is reduced by the reducing agent, and, to carry out the determination
 oro^erly, exactly the same amount of reducing agent must be added to the 
unknown as to the standard solution and both must be under identical 
conditions (Robinson, Dudley, and Williams, 193k) 

None of the macro constituents present in ordinary soils interfere
 Kith the Gmtzeit method for the determination of arsenic, and this 
procedure is modified for field use. Solution of the sample is carried 
out by fusing a wetted sample with potassium hydroxide at a relatively 
low temperature. Zinc is added to an acidified aliquot in the G-utzeit 
apparatus, and the gases are passed through lead acetate to a confined 
spot on mercuric chloride paper. The principle of the confined spot 
applied to arsenic analysis has been described by Lachsle (l93k) in a some­ 
what more complicated procedure. As employed here arsine is passed through 
a section of glass pipe (fig. l) to the mercuric chloride paper. The glass 
pipe is commercially availably and may be acquired as a unit consisting 
of two sections of glass pipt, an aluminum coupling, and necessary washers 
and gaskets.

A suitable sensitivity is obtained by this procedure because samples 
containing as little as 5 PPm arsenic can be determined. This quantity 
is listed as the average content of arsenic in igneous rocks by Rankama and 
Sahama (19U9).

Reagents and Equipment

All reagents should be reagent-grade chemicals free of arsenic, 

Potassium hydroxide, pellets. : -' . 

.. Hydrochloric acid, concentrated.

Stannous chloride, SnCl2.21*20, 10 percent. Dissolve 10 g of stannous 
^chloride in 100 ml concentrated hydrochloric acid. Add about 2 to 3 g of 
mossy tin. ': 



  >. *. i
>; ' ,i

',--

Fig. 1 Gutzeit Apparatus 
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Zinc, mossy.

Stardard t.rsenio scl'ation* Disaclve 0,13 g of arsenic trioxide in 2 ml 
of 1 N sodium hydroxide, dilute -with water to about 50 nl, add l± ml 1 N 
hydrochloric acid and dilute to 100 ml. From this stock solution (1,000 micro- 
grams of arsenic per 2*1}^ prepare more dilute solutions as needed,

Mercuric chloride -paper. Dissolve about 2f> e of mercuric chloride in 
100 ml ethyl alcohol. Place S&S no, S&Q black ribbon filter paper in the 
solution for one hour. Remove and allow to dry in the air. Cut in 1/2 in. 
squares and store in a bc.x using only the inside portion of the paper. 
Prepare fresh batches cnct a week.

 
Comparison spots. Prepare artificial standard spots from, chrome 

'yellow and deep chrociie ye1lew vratsr colors for the series I, 2, it, 10, 20, 
and kO micrcgrans of arsenic. Paint various shades of the chrome yellow 
and deep chroma yellow on filter paper, and allow to dry* Prepare four 
spots, each representing 1 microgran cf arsenic, in the manner described 
below under "procedure". Compare these spots -with the dry paper which has 
been colored with water colors and select and punch but a spot as nearly 
matching the average cf the   1 microgrsm arsenic spots as is possible. 
Similarly, prepare artificial spots representing 2, U, 10, 20, and hO nicro- 
grams of arsenic.

Gut28It apparatus (Fig  1).

A - Sections of glass pipe with aluminum coupling. Inner diameter 
I/Li. in. and length 6 in.

3 - Lead acetate on gl&ss '"ccl. Dissolve 15 g o: Pb 
in 100 ml of 7,-ater acidified with aoetdc acid. Saturate §_ 
in this solution, then dry. Fill the lower section of glass pips 
with the dry glass wool saturated with Isad 'acetate. Stors excess 
in a stoppered bottle.

C - No. ij. one-hole rubber stopper.

D - Test tube with rim, borosilicat-e, 25 x 150 mm.

Water . Pass tap wa.tsr though a resin deinineralizer to free it of 
arsenic.

Nickel crucible, capacity, 20 ml.

Stirring rod.

Pipet, 10 ml grad, in 0.1 ml, .

Graduated cylinders, 5 an<i Ip.. 10^*-- -«.-' - A"'- - - ' 

Gasoline stove, a "G. I," pocket stove' is suitable for field use.
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Determination of Cobalt in Water

Ey Almond

Introduction

Traces of cobalt react with 2-nitroso-l-naphthol in slightly .alkaline 
solution to yield a pink cobalt 2-nitrosc-l-naphtholate that is soluble in 
carbon tetrachloride (Almond, 1953 )  This property is the basis for a simple 
method for determining as little as 3 parts per billion of cobalt in water. 
The yellow color in the aqueous phase is due to reagent; the pink, in the 
carbon tetrachloride phase, to cobalt-2-nitroso-l-naphtholate. The pH of 
the solution is adjusted to about S«5 ^y adding ammonium hydroxide. The 
pH of different samples can be reproduced, and subsequently the nitro- 
sonaphtholate is extracted into carbon tetrachlor?de.

Although the reagent reacts v.ith other elements, notably iron and 
cooper (the nitres onaphtholates of vjhich are soluble in organic solvents 
(Eoyland, 19U6)), conditions are such that the determination is fairly 
specific for cobalt* Iron III reacts with the reagent optimally at pH 1-2. 
No iron nitrosonaphtholate is formed at pH of 3.5* As much as 10 micro- 
grams of copper in SO ml °- water did not. react with the reagent in the 
presence of the suggested citrate concentration, whereas O.L|. microgram of 
cobalt can be determined under these conditions.

Reagents and Apparatus

Sodium citrate solution* Dissolve 1C g sodium citrate in 100 ml water. 
Adjust to pH 7-^, with 1 N sodium hydroxide, using phenol red as an external 
indicator.

2-nitroso-l-naphthol, 0.01 percent. Add 2 drops 1 N sodium hydroxide 
to 0.01 g of the reagent in a 250-ml beaker, enough water to wet the reagent t 
stir, then add about 2 ml of water and stir until the reagent is in solution. 
Dilute to 100 ml with water.

Ammonium hydroxide, (1+12).

Thymol blue, W. S., 0.02 g in 100 ml water.

Standard cobalt solution, 0.01 percent. Dissolve O.Olj. g of CoClg.^HgO 
in water, add 1 ml concentrated hvdrochloric acid and dilute to 100 ml. This 
solution contains 100 microgram" of cobalt per ml. Prepare more dilute 
solutions as needed,

Graduated glass cylinder, G. S., 100 ml. 

Automatic pipette, 2-ml capacity, plunger type.

- 13 -



Procedure

To 50 ml °^ stream water in a glass stoppered graduated cylinder, add 
0.5 rol of sodium citrate, 1 drop of thymol blue, then ammonium hydroxide 
until the solution just turns blue. Add 1 ml 2-nitroso-l-naphthol reagent 
and 1 ml carbon tetrachloride. Shake for 90 seconds. Compare with 
standards prepared as follows:

Prepare a series of standard solutions containing 0, 0,1|., 0,6,. and O.S
microgram of cobalt. Dilute to $0 ml and proceed as above starting with the
addition of citrate. Standards are stable for about a month or more.

To convert the results to parts per million in the water sample, use the 
following:

Miprograms found = parts oer million
50

- 11,-



Literature Cited

Almond, Hy, 1953, Deternination of traces of cobalt in soils: Anal. Chem., 
v. 25, p. 166-167.

Boyland, E., 19U6, Separation of the cobalt complex of B-nitroso-"-naphthol 
from other colored metallic complexes; Analyst, v. 71, P« 230-231.



Determination cC Keadil., Soluble Copper. Zinc, and Lead in Soils and

Rocks; Nitric Acid Extraction

ty

Harold Bloom and H. E, Crows

Introduction

Prc:-rdures for the dsterrninat-ion of copper, lead and zinc are described 
by Almond and Morris ( 1951) I La^in, Stevsns and Almond (I9ii9); and Levering, 
Huff and Almond (195^)° *hey are also summarized in U. S. Geological Survey 
Circular l6lo

In the procedure given below, a simple attack of the sample with 1+3 nitric 
acid serves to effect adequate solution of the heavy netals for purposes of 
geochemical prospecting. Copper^ lead, and zinc may be determined on a single 
sample solution nr spa red in this .vay» About 30 samples can be analyzed daily 
for these constituents*

Reagents

Kc-tes All references tc "v-it.dr" refers to tho r.-etal-free type 
obtained by cad &i rig it through a resin de.Tiineralizero

Reagent A r ( f ->r l^a^K Dissolve 25 g of arc-Tornum citrate and 5 = c^ 
pofcas-slum cyani ds and U £~~c"f hydroxylami.ie hynrochloride in about L'OO ml of 
v/ater. Add con^c-ntrafied an.r,oniun hydroxide >vntil solution r-as a pH of 
S.5, using pH test paper as an indicator* 23.juto to 5^'^ n^ ^th vater s

Purify by extracting the mixture with IJ  ml portions of 0,01 percent 
dithizcne solution or until final color of dithizone is green. Yfesh the 
aqueous solution vdth about three 25^ml port-ions of chloroform, or until the 
chloroform is colorless,, Eoctrac i the chloroform from the aqueous solution 
with about three 25=ml portions of carbon tetrachloride.

Reagent 5 (for zinc ) .

(1) V.reigh 125 g Ka-S./V.;>H2Q and bring into solution with about 
14.00 ml water. Purify by ohaicitSg^with 15-m2 portions of 0.01 percent 
dithizone solutions until the CCL layer is gre<*' Heniove dithizone by 
successive extractions with small portions of CCi- .

(2) Add 60 ml of glacial acetic acid to about Ij.00 ml water. 
"Weigh out 306- g of sodium acetate^JHgO and dissolve in the acetic acid 
solution. Purify as described above,

(3) Mix 1 with 2 and dilute to 2 liters with water. This is 
reagent B, ,

- 16 -



Pet as si "JOE, oyani "te., 0.1 percent Di si- rive I gran. KC1T in 1 liter 
o -r walTer. CAUTION: Pc u.ar si urn c.yanld? is exceedingly poisonous; a
very small amount taken internally is fatal. Therefore. navor transfer 
ft potassium cyanide solution v.'lth a pipette; always v/ash the hands 

tel aixer handlin the re a rent ar.d its sol-j-ions.

Acidification of cyanide solutions produces a j c ....-l ra? (HCN). 
 Jever store near acids. -Use meticulous care to avoid any possible 
contact -of the salt or its ic.juMc-n v.lt.h a-. Ids resulting from breakage 
in transport. Kever_ ac. i -di f y s-/Ijiti on^ cojitjal.nj.n_g ̂ jry ani 05% A1 \vay3 
thoroughly ivash v^-scelz \n rAhich the reagent has been u^ed.

Ammonium hydroyld^3 , 1?^. Dilute 70 ^il uocreAtraT.e-d ar:i."noniuTn 
hyiroxide to 1 liter.

Dithi ZO.H.S n 0.01 perc.ente DlssolTe 0.-01 g dithizone in 100 ml CCii, 
Shake intermittently and ajlov; to stard overnight before x;sing.

Di_th_i.icne_. 0.001 percent. Dilute 10 ml cf GoOI-peroent dithizcne 
\\lth CC1. to 100 ml. ?r*-p^re -r.ii ]y ani k-ep in a bct T̂ i£ covered vrlth 
dark paper. A ocrrL^'-n the.'iu.^s b:;t~]e (i^e i 1 l^'^'-TTition i"v) has been used 
in the field as a di sp-r-nser j c/ In r-he laboratory, h^-v.-j-.ver,, an automatic 
burette has be^-n frund C5t is factory* It i^ in&cv] seble

-. n& v.-:.rc'r-----r- e VSG-. best grade 

oH test T_-arev« rH test- oarer v.ith range of <

Nitric- acj d. 1^3» Add 1 vclv^ne of c-'ir.c-^r. ^rar-. i r_ttrio acid to 5 
rolvjr.es cf v.-ater.

Carbon tetrachlcride, U?e the bcsb §r&de obtainable. If the size 
of the job is i'argts, it rc.ight be advisable to recover the spent organic 
solvent for rexiss. This requires the ^se of an all-Pyrex distillation 
.^etup. Ecwever, the still has additional u^.rs: technical grade carbon 
totraehloride can be purchased at a cheaper price, purified, and used in 
place of the more expensive ?r&ie. Hydrochloric and nitric acids can be 
purified by the same distillation setup.

Method of purifications Accumulat.e the spent liquid in a carboy until 
it is about three-quarters full. Transfer about 2 liters to a ii-liter 
separatory funnel. Add about 1 liter of 0.5 T̂ ^ OH and shake vigorously 
for. approximately 2 minutes, -his strips the unreacted dithizone from the 
organic layer and neutralizes any acid present. The organic layer is 
transferred to another carboy tc- which has been added about 1/1| Ib 
activated carbon. In a few days the CClj is clear and ready for distillation, 
Add about 20 g of lime fco a U-liter distillation flask. Four about 2 liters 
of the clear organic liquid into the flask through a large funnel containing 
a "fast" flutfld filter. Distill at about 50°C,

^f Suggested by Mr c L. M. Wilson of American Smelting and Refining C o .
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Ansnonium citrate, 10 percent. Us solve 100 g (! ?£  ( )p HCrE-0~ in about 
1|00 ml of  watsr.Purify by shaking v.lth successive pcFtiona^or 6.01-percont 
dithizone until the carbon tstrachlorice layer is green. Remove dithiaons
by successive extractions with small portions of 001^. Dilute to 1 litsr.. .  i-

Preparation of standard solutions

Coppe? , C.01 percent (lOQ mi programs per _.Til). Dissolve 0.2 g of 
CuSOi .JHgO in rater; add 50 mi 'of IN HC1 anc dilute to ?3Q ml with 'v;ater.

Copper, 0.001 percent _(10_ .^^^j^-go ?.?":=)' -ransfer 10 nl of the 
above to a 100-ml volum&tric flask. AQCL 9 -  o- i* ^-c - an^ dilute to 
100-ml relume vdth v.-attr.

\
Zinc, Q.01 percent (100 micrograms per inl). Dissolve 0»1 g reagent 

grade, 30 mesh, sine in a slight excess of ccnc. HCl, and dilute to 1 liter 
with '.vater.

Zinc t O.QOI percent (10 nncrofrrar.s per ~l). Transfer 10 ml of above 
solution to a ICC-rr.i volumetric flask a/id dilute to -vcluiie 7,-ith \v-ater.

Lead^ O.C1 r.er_';errb (100 micrr-grains t-er irl). I>iG=elve 0.016 g of dried 
F b ( NO ? ) ̂  ^~~-^e"f ~r"^'iTivi T>g"T"^'rop~cf~^cT~rI.\ij r. , ?. r, d d i I ut etc ICC - -n 1 
\"l-^me -.;ith v.-ater.

Lead. 0.001 percent (10 mic^c^ranis per rl), :-.rc 1C nl of above solution 
to about 25 TrTT of^OT^nitric acid s.r^i ~ake urt l:o 1C'C-~1 -volume vrlth v.-ater.

Hob pl^.r-ee 6 ln e x ( In. vdth built in L henries tat. cc-r.trol. 2ee illustrationI. *

1 test tube  oifcTcs^irn r_^ck. Fabricates from I/LL i^. n^bal pJate, 
3 1/2 in. square" supportea sy four legs 5 1/Vl ?.n. hi^h. rlste has 33 hcles 
11/16 in. in diariet-er. grouped in a ^ 3/^ : ' square, -^ee illustration I.

50 anti-bu.T.p glass tubes. A ~.-?r.. ler.^h of Pyrsx tubing Ifjn^i in
diarieter is divided up into ? in. length,1?. Cr.e r.nch fr
tube is heated until soft and a i/L in. area ia funed by piroh'L/ig the
tube vdth a pair of tongs. (M. JdatviaV. l^Jl) See illustration II.

100 Pyrex culture tubes. 16 x IJO Tim-, marked at 10 ml.

30 " screw capped culture tubes. 25 z: 200 mm. See illustration III.

3 screw capped culture "fuse holder^.' A block of 'v/cod 9 ^n » x 1 V'2 in » 
xk 1/2 in. has 5 ^Q-63 * 1 V? .is* in diameter .bored 3 1/2, in. deep. A 
hole 1 1/3 in. in diameter' is Vut through, at the base "of hho 3 1/2 in. bore, 
and perpendicular-" to it. See_ illustration. .III. \ - : ' .' ^'Jj:

Y>rater deminerali z-er « A resin demineraliaer type producing 10 gallons of
demineralized Twater,
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Sieve. An inexpensive sieve r.ay be rr.ade this v.-sy: Remove the center 
piece from th? ccrer cf a 1 p: nr size ice cream container. Replace the 
center piece vdth a pi~ce of silk boJting cloth (50 rcesh size) and press 
the band of the cover ba~k in place. Finally, remove bottom cf container.

2 separatory funnel holder.

1 separatory fiamel, 2 liter i?yrex).

1 separafaory funnel, 125 ^1 (Pyrsx).

T 4 j_st "cube racks to hold ^0 la>:130 mir. culture tubes each.

T   "t tube brushes e

1 spatula

1 camel' s hair^/brush.

LL dror-Din? bottles. 2^C-nil size

1 '.vs.ah bottle, polyethylene^ ^C-~i1 size,

6 L

L S-li7.er Pyrex 

P

1 - 1 it 5 r P r ex ^r o 1 e t h 1 e re b ox 1 1 e <«  

au i: ori a t i c i p e t.t<" . ^ r.l "  & ac I c r  "' r.vj c-r.-ec in ter; fcb ?

6 g^-ml Jrad'?aie cyl  ' nd^rs vri th erounc glass sic peers. 

3 100-ml gradviates.

3_J^.»3 "-.^ ^a pac '^y j11^ 0̂ P-P 7̂ ,'*-'  - ? - * ^raJuSk~ed in tenths. 

eac h t L- ̂  1 , ' "   1-^:1 transfer i et t^.

Balance. Ser-sitivity 2 rr.f:.

2 serolorical pipettes. 1.0 ml, graduated in hundreths of a rr?l, 

2 serological pipettes. 5»0 mlj graduated in tenths of a ml. 

1 porcelain pipette holder.
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V.'eigh 0.1 £rsjn s«~p-l« (r.inur; cO me ^h } and trr-i:s:"r.r to u loxl^-C mm 
culture rubs previously r.ar>ed e: 10 ml -rolur'6. Add 3 ml of' 1+3 -^0* 
to the tube and digest for 1 r.cur --.-n the hot p-'J^ts. If, during the 
digestion, the volume rets vsry lov.-, aci si-r.e v.?,ter ^c prevent dr/ness. 
If solution bumps, insert an errci-ownp glass tube. Remove the tube from 
the heat, bring volume to the IQ-ir.l msrk  ~Lth vr^t'-r, clo?e with thumb and 
mix by inverting the  -ujtjrs tube. Allov: the r-x-lutisn to settle fcr 
about 15 minutes. Frcm Vni? solution run r.ir.-~. lead, and copper £3 follows:

Zinc. Add S ml of rs&rent 3 to the ccrev,-  ,-;-. p culture tube and 1-inl 
aliquot of the unVincv/n. I^xinwr. aliquot i r 3 ^-i (larce.-* amounts may not be 
buffered satisfactorily). Add $  ml cf C.CO1 perc-rr.-t citihizone, tighten 
screw oap and shake actively fcr J)3 seocndSr CoMoare v^ith standards. If 
zinc content of sJiquot u^ed is less than c-r er--atrr than -he end standards, 
repeat using an appropriate eliquct. Five cr r-ore ur.kr.'cv.ms can be run 
simultaneously.

Standards;--Add 5 ml of i*eag2r:t ? ~o uach of 5 screv.*- 
cap oult'.Jre*'tubes. Add 0. 1, 2 f 5, 8 -r-^ ^- rdcrograns (taken 
from the 10 microgrars/ir.1' ^srsdfcrd icli:tirn} tc^t-hese tubes

of the unkr f-v.Ti r ê r"c^ <r. .-^rc ~r -~-~ C:'i~r?, »" '*'' "rvrr,, ".'' "r'^-io --- J "'  - t t.c ~ vi? 
S.5 by ti'trHtl^g vrit.h IK l^I^OH tc a "; ": -;v~i:r 5-n c ;2 or (a mixture of the 
blue of the thymol bl';e and^the- vf-l".c*v of 3:= .-. ;lv.ticn)» -A-dc 5 ^ °^ 
C.OC1 percent dlthizcne and thjike gf-r^tly ff.r aU-vt lc :-3o-;ncs. Drain 
the GCli^ phase into a 25 ml £.Iy.ss :.to:.p-?r-ed ?VTFX rracuatsd cylinder 
containing 1C ml of C»l pe:*~er.~ rT\'. S':^v« gi-^i-ly fc--- about 5 s^<-7nds 
.or u.niil the axcess of grc- ii dirhiz^r;e i^ r--r.c"ec. C ;n rare t."::e pink 
solutions with standards, If 3ead co^t-on^ of -.liquor ucel is less 
than or greater than the end i-taji^ardi, r-^p-2'it vsir.g an appropriate 
aliquot.

Star^dord^;--Prep-are ctandards c; C- 4 ^ p 2, aui 5  licrcgrair.s as 
follcw.7: Add 10 ml of r^agers^ A tc a i^p:.r^r,-ry f-.;nnel, follovred 
b\' 1, 2, cr J> micrcrrrims of 3 -.ad, Ada 2 drops of -whymol blue and 
titrate, if ri^cessary, v.-l-h ilC !IH'OH to I'ir-ot blue color (pH 6.5/« 
Add 5 mi of 0,001 percent dltMzerc sr:d ^hsk-f gently fcr about 
12 seconds. Proceed as virh the :irJ<r.'jv.r.3 froji thliS point.

A i-microprsm L^ad s^ar.d-irJ is & v/c-sk p-irJc color and 
corresponds to JO ppm v:hen the r^bc'/e procedure is follov.-^d. 
A visual estimation of a pink color v.'.ont.ainins more than 3 
micrograms of lead is difficult. Either increase or decrease 
the aliquot depending upcr the ccn-^rt.ratic-n of the pink layer.

These standard.? are e«-vily d^orripos^d ar.d should be kept 
away from direct light &s much as possible. They are good for 
about l± hours at best. If the pink color of the "t-cd dithironate 
of either the standards or the ur>kr:cv;ri5 is observed to fade within 
-a few minutes after they are prepared ^ the cause mieht be due to



a deteriorated CCl^o It has been noted that, after repeated 
distillations of CCli under field conditions, a decomposition 
product accumulates, which interferes in the test* Extraction 
of two parts of CC1, with one part of 1& ^Hi OH may often restore 
this distillateo (oee reagents - carbon tetrachloride).

Copper. Add 1 ml of 10 percent ammonium citrate to a screw- 
capped culture tube followed by a 2-ml aliquot of the unknown solution. 
Tfrash sides of tube down with water. Add 2 crops of thymol blue indicate: 
and titrate to a pink tinge using 1 H HCl. It can be back-titrated with 
IN NHi OH, if necessary. Add 2 1/2 ml of OoOOi rercent dithizone and 
shake actively for two minutes* Compare with standards. If copper 
content of aliquot used is less than or greater than the end standards, 
repeat using an appropriate aliquot. If oxidation of the dithizone 
(as evidenced by the appearance of yellow hues) is observed, repeat 
the analysis but add about 0,1 g hydroxylamine hydrochloride before 
adjusting the pH. About 5 samples can be handled at the same time.

Standards.--Add 1 ml of 10 percent ammonium citrate to 5 
screw-capped culture tubes and 0, 1, 2, 3, k- micrograrns of copper, 
respectively. Add 2 crops of thymol blue ana titrate to pink tinge 
with IN HC1 C V7a ?h dcwn the sides with water. A.dd 2 1/2 ml dithizone 
and shake actively, for 2 minutes. One microgram cf copper is equivalent 
to 50 ppm ^opper when the above procedure is fcllov;ed.
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glass tube

Two hole stcp:.er 

Rubber bulb

glass tub!rig

1 ri':-t- thermos bottle
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screw capped culture tube
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Deterrd ration of S^nranium in Coal

07

Ey Almond

Intrcducticn

At part of a ereccheirical study cf the oc7i:rron?e of minor elemonts in 
American coals, Stadnichenko, Murata, .<r3ubc'/ic anc Hufocrimict (1953) have 
obtained data on the concentration of germanium in ccnl. ?ns ashes cf the 
coal sample v;ere analyzed spectrcgraph:. <  ->] ly. T;. supplement this program 
a rapid method for the determination of germanium in ; o^"1 urider field 
conditions v.-as developed. V.'ith slight modification, the. phenylfluorcne 
absorpticmetri c method described by Cluley (195^) v-"££ f-'"-^ 1- "^ ^ ^s 
satisfactory* Cluley prepared a calibration grsoh using a: Iiford No. 605 
blue-green fili--r; hcvrs^^ar, he gave no infcreation concernina, absorption

icrpticnetric studies carried out v/ilh a B^jV-uan DTJ c-pectrophotrrneter 
ircicated the rearent '-bssrbe-3 n^a-inally betv/se.i I/.^C =r.d iz-rO v.u, v.hereas 
the geriTiani jus oh-nyli'l"j- rjste complex abi-crbsd m:ixlr.al.ly &t .L;?0 m^. 
Adherence to Beer's lav/ :v?.s ood bct-v.v:-;,r- 1 and 1C micro^.'oms of i^r^aniuni

Jn order ~c carry o ^t; TJ:t

all-^ls-:-? Hlrivr-.t-.y:r v:ash bottle to  --. hioh a pip-ite is jtc^^hec. A pink- 
orr-r,^e color is .'I-r i; e.T-:r ea in an ali^'.-ot of hhe disi-iilste sr.d g'.m arsbic

He-agents and Apparatus

Fheny 1 f.1 ̂ j^j^p?   Dissolve 0.03 ? ic S: 5 ml of ethyl slochol and 5 "1 
(l^6) sulf'jric acid by v.arming on sv.^am bach, then dilute to 100 mi t.-ith 
ethyl alcohol.

Gum arabic. And 0,05 £ to 100 ;.il water ana xvarm -.-ntil in solution.

PC t a s » i izn. hy a r oxi d e reagent grade, pellets. 

Hydrochlori.~ acid, cone., resgont grade.

Hydrochloric acid, approximately 1 3»T . ^iluts 63 nil of concentrated 
acid to 1 liter v»lth/.vater.

Kydrochloric acid, (l+l). .To 500 ml of -water, add $00 ml of concentrated 
acid.This is essenbially constant boiling acid.



Standard germanium solution^ 0.01 percent. Dissolve Oelijij g of germanium 
aioxide in a minimum of 0.1 N sodium hydroxide and dilute to 1 liter. This 
solution has 100 micrograms of germanium per ml.

Glass still. Remove the capillary lower tip and the upper end at the
calibrated mark of a 10-ml volumetric pipette. Connect the long stem of ths
pipette to the inlet end of an all-glass 125-ml Erlenmeyer v;csh botrtle head,
by sealing glass to glass. Seal off the outlet end of the Erlenmeyer head.

Test tubes, 16 x 150 mm.

Culture tubes, 16 x 150 mm.

Hieke1 crucibles, capacity 20 ml.

Stirring rod, Pyrex»

Beaker, 50 m^«

Pipettes, graduated, 1 ml.

Litmus paper.

Procedure

Transfer 0.1 g finely ground coal sample and about 0«5 g potassium 
hydroxide (1+ pellets) to a nickel crucible. Moisten the mixture with water, 
then fuse for about 1/2 hour. Cool, add 10 ml water, and stir with a glass 
rod. . Transfer the contents of the crucible to a graduated cylinder, add 1 N 
hydrochloric acid until just acid to litmus, then note the volume and transfer 
the contents to the Erlenmeyer still, -^dd a volume of concentrated hydrochloric 
acid equal to the previously noted volume to the still. Place the modified 
inlet and outlet head in the Erlenneyer, apply a low flame to the still and 
collect about 10 ml of distillate in a test tube resting in a beaker of cold 
water.

Transfer exactly 1.0 ml to a culture tube, add 1 ml gum arabic solution, 
and dilute to 10 ml with water. Add exactly 0.5 ml of phenylfluorcne 
 solution. Compare with standards.

Prepare a series of standard solutions by adda/u C, 0.1, 0»3, 0.6, 1.0, 
2.0, ii.O, S.O and 15.0 micrograms c-f germanium from standard solutions to a 
series of culture tubes. Slightly acidify with N hydrochloric acid, then sdd 
exactly 1 ml of (l+l) hydrochloric acid. Add 1 ml of gum arabic solution and 
dilute to 10 ml with water. Add exactly 0.5 ml phenylfluorone solution. 
These standards are stable for about one work day. Calculate germanium 
concentration as followss,

ml^of v the distillate x micrograms in the unknown x 10 =* ppm G-e.

: Example. Starting with 0.1 g sample, collect 9 ml of distillate. 
The color"developed from 1-ml aliquot corresponds to the 0.3 microgram standard. 
Substituting above:   .

9 x 0.3 x 10 - 2? ppm of Ge in the unknown coal.
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A Field Method for the Determination of Ammonium Citrate - 

Soluble Heavy Metals in Soils and Sediments as a Guide to Oro

by 

Harold Bloom

Introduction

Procedures have, been described for the rapid determination of copper by 
Lovering, Huff and Almond (1950), lead by Almond and Morris (l95l), zinc by 
Lakin, Stevens and Almond (l9l|9), an^ heavy metals by Huff (1951), i*1 soil 
and sediment. A still more rapid and simple method was needed for 
reconnaisan"e studies in geochemical prospecting.

Agricultural scientists have long used sodium acetate extractions to 
determine "available" elements in soils; the methods are summarized by Lunt, 
Swanson and Jacob son (l950)« Lovering, Sokoloff and Morris (19U&) used a 
cold acetate extraction on crushed rock to determine heavy metals as related 
to alteration halos. Chisholm (1950) founc distilled v/ater adequate as an 
extractant of heavy metals from soils for' prospecting purposes.

In the method described here, the sample is shaken with an ammoniaca1 
solution of citrate and a solution of dithizone in xylene, and is then 
allowed to stand for 30 seconds to permit the phases to separate. Colors 
from green, to blue, and finally to red in the xylene layer reflect increasing 
amounts of heavy metals.

Xylene (Warren, Delavault and Irish, 1951) is used in preference to 
carbon tetrachloride or chloroform becaure it collects on the surface of the 
aqueous phase, free of sediment. Reagent ''A 11 , dithizone solution, and v/ater 
in polyethylene wash bottles are conveniently carried in an apron. Appropriate 
amounts of reagents are delivered by squeezing these bottles. About a minute 
is required for each determination.

Reagents and Apparatus

Note: AH references to "water" refers to metal-free water, which is 
obtained by passing it through.a resin demineralizer. Frequently, stream 
water of low heavy metal content may be used.

Dithizone in carbon tetrachloride, 0.01 percent, (for purifying solution 
"A").Dissolve 0.01 g of dithizone in 100 ml carbon tetrachloride approximately 
12.hours before using.

Dithizone in xylene, 0.01 percent. Prepare stock solution by dissolving 
0.01 g dithizone in 100 ml xylene approximately 12 hours before using. Prepare 
solution of 0.003 percent by diluting 3° ml of stock solution to 100 ml with 
xylene. , . - .:,    ' ^ -'~>

« .:-.-. -A.     -Jtj .-iXK " * -* .**
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Solution "A". Dissolve 25 g of ammonium citrate and ij. g of hydroxylamine 
hydrochloride in about J>00 ml of water. Add concentrated ammonium hydroxide 
until the solution has a pH of about £>.5 using a pH test paper and dilute to 
500 ml with -water. Remove heavy metals by extracting the solution with 15-ml 
portions of OoOl percent dithizone or until the final color of dithizone is 
green. IVash the aqueous solution vdth 25-ml portions of chloroform, until 
the latter is colorless.

Xylene, C. P. grade.

Carbon tetrachloride, C. P 0 grade

pH test paper, range pH 2 to pH 10.

Potassium cyanide, 5 percent* Dissolve 5 g of ^C1\T in 100 ml of water.

6 glass-stoppered cylinders, 25 ml, Fyrex

3 polyethylene wash bottles, ].6 oz.

2 bottles, 1 liter, Pyrex or polyethylene

2 bottles, 5^0 Ml, Fyrex or polyethylene.

Lucite spoon. A lucit-e bar vdth cavity, accomodating about 0.1 g 
of finely grou>>d soil, drilled at one end*

2 dropping bottles. ?00 jpj . 

2 graduate^ cylinders, 100 ml.

Procedure

Place one seocpful of sainple (preferably fine fraction) into a 25-ml 
glass-stoppered cylindere Add 5 rcl of solution "A", 1 ml of 0.003 percent 
dithizone solution, and shake vigorously for 5 seconds. Allow about 30 
seconds for the layers to separate and observe the color of the upper 
(xylene) layer. If the color is green, green-blue or blue, record as 0, 
1/2, or 1 ml, respectively. If the color is blue-purple ^o 7-3d. titrate 
with about 1-inl increments of dithizcne solution, shaking for 3 seconds 
after each addition, until a blue color is obtained. Record the volume 
of dithizone solution used, as an index of the heavy-metal content. Thus, 
ascending values for heavy metals v;ould be recorded as 0, '1/2, 1, 2, 3 ml 
etc.

One can identify the predominating metals by the "following tests: ,

Lead: Add 3 drops of 5 percent KCN solution to the cylinder containing 
sample, dithizone, and 'solution, and shake vigorously for 5 seconds. Should 
the color in the xylene layer persist, it may be attributed to lead.

Copper: Introduce an abnormal amount of sample, about a gram, and extract 
as described. A brown color in the xylene layer \vhich will turn to purple 
upon the addition of more dithizone, indicates a predominance of copper.
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Zinc: If the predominating metal is neither lead nor copper, it may be 
assumed to be zinc.

Discussion

Dithizone solutions should be as fresh as possible when used. Vials 
containing a fairly accurate weighing of 0,01 g should be prepared before 
leaving for the field to facilitate preparation of fresh solutions,.

Ammonium citrate and hydroxylamine hydrochloride need not be accurately 
weighed. A container previously calibrated may be used to scoop the approximate 
weight of the chemicalo The adjustment of the alkalinity"of solution "A" 
should be carried out rather carefully as the rate of formation of the.metal 
dithizonates varies with the pH«

If the dithizone colors are not clear, the dithizone solution may have 
deteriorated. The old dithizone solutions should be discarded and a fresh 
set prepared. Occasionally a manufacturer's best grade of xylene may prove 
to be unsatisfactory. This may be restored for use if it is distilled in the 
presence of lime. As xylene is inflammable, the distilling flask should be 
heated by means of a controlled electric heating coil*. , r

Xylol, the commercial grade of xylene, should not be used unless 
distilled.
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A Field Method for the Determination °** Manganese in Soils   

Adapted from methods described in the literature

by 

Hy Almond

Introduction

The possibility that manganese mineralization is associated -with economic 
orjs deposits such as zinc and that, by locating manganese inineralisation, a 
prospector may find other elements of economic importance, led to the request 
for a method for determining manganese in soils* There are several ways of 
oxidizing manganese compounds in solution to the purple permanganate. All of 
these have suitable sensitivity for determining manganese in soils » The 
periodate method -was selected and found to be satisfactory*

A potassium bisulfate fusion followed by acid leachings dissolves most of 
the manganese present in soils or rocks j field estimation of manganese is 
feasible from this solution a The color is developed by boiling the resulting 
solution to which periodate has been added. The purple color is compared with 
permanganate standards which BTS stable for at least several weeks.

Reagents and Equipment

All reagents and equipment should be free of manganese, and all reagents 
should be analytical reagent grade.

Standard manganese sclutio.no Dissolve 0 0 2 g of pure manganese metal in 
(l+6) nitric acid, boil to expel nitrogen oxides, and dilute to 1 liter. 
This solution contains 200 micrograms per ml. Prepare more dilute solutions 
from this stock solution.

? o t a s s i urn b 1 g u 1 f a . t e f KHSQ^, ground to a fine powder* 

Sulfuric acid, HgSOr concentrated.

Sulfuric acidj 1 N0 Transfer 2S»5 ml of concentrated sulfuric acid to 
a l-lTte"r volumetric flask containing about ^>00 ml of water and dilute to 1 
liter vdth water.

Nitric acid, 1-3, Add 100 ml of concentrated HNO, to 300 ml of water.

Phosphoric^ aoid_. ortho, HjPO]^, £>5 percent. 

Potassium periodate^ meta, K10K, powdered. 

Culture tubes,. 16 x 150 mm. Calibrate at 10 and 20 ml.

Water, free of chloride. Water passed through a resin demineralizer is 
adequate*



Gasoline stove* A "G, I." pocket stove is satisfactory.

Wash bottle g 250-ml capacity, polyethylene,,

Pipets, 1 and 5 ml, graduated 0

Automatic pipet, calibrated to deliver 2, 1, 0«5, s^d 0.25

Digestion and fusion racko This piece of apparatus is used to support 
S culture tubes over a gasoline -stove,, Trie rack consists of two disks 
of sheet steel welded to a central supporting racko Sach disk has eight 
holes for test tubesj the holes in the bottom are smaller so that culture 
tubes cannot slip through but large enough to permit the ready flow of heat.

Balance, torsion,, with a sensitivity of 2 rag,

Procedure

Mix Ool g of finely ground soil or rock with 0.5 g of potassium 
bisulfate in. a culture tube and fuse for 3 minutes ever a gasoline stove* 
Cool, add 3 ^1 1 N sulfuric acid, and digest in a water bath until the luraps 
of flux decompose to a fine pcv/der. Dilute to 10 mi with water, Allow to 
stand for 3-3 minutes, then transfer 0»5 ^- °^' ^'ne supernatant solution to a 
clean culture tube. Using automatic pi pets add 2 ml Is3 nitric acid, 1 ml 
concentrated sulfuric acid and 0*5 ^1 phosphoric acid., Add 0,2 g potassium 
periodate. Boil for 1 minute, then digest in a wat*r bath for 10 minutes, 
cool and dilute to 20 ml, ^ompare rath jtandsrd solutions.

Preparation of standard solutions^   Prepare a series of standard permangate 
solutions as follow?; Add 1. ^ 3 5. & 9 -2, and 20 micrcgrams of manganese to 
six culture tubes. To each culture t\-be add 2 ml ls.5 nitric acid, 1 ml 
concentrated sulfuric acid, and 0«5 nl phosphoric acid, then 0,2 g KlOi . 
Boil for 1 minute,, then digest in & '.rater "bath for 10 minutes. Cool and dilute 
to 20 ml. Stopper with a cork stopper 0

To calculate the percent of manganese use the following: 

luicrograms found « 50 = percent manganese

or 

micrcgrams found x 200 = ppm manganese
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Determination of Misrogratn Qua itities of Niobium ir. Hocks

F. No nTard and A. P. Marranzino

Introduction

Until recently the determination of traces of niobium v.-as impracticable 
except by spectrographic methods, because sufficiently sensitive chemical 
reactions were unknown o ,

In 193&, Mon 1 jakova and Fedorov (195^) discovered that the yelloiv product 
resulting from the reaction of niobium and thiocyanate in an acid stannous 
chloride medium was extractable with ethyl ether* Alimarin and Podvalnaja 
(I9i|6) used this extraction in developing a colorimetric n:e~hod based on the 
above reaction. Freund and Levitt (1951 ) determined the effects of a number 
of variables when the yellow niobi um»thiocyanate was formed in an acetone- 
water mixture, Lauw-Zecha, Lc-rd and Hume (1952) made a sirdlar study using 
ethyl ether to extract the niobi urn- thiocyanate from the aqueous solution.

As niobates that are somewhat refractory are amenable to an alkali 
pyrosulfate fusion (Killebrands Lundell, Bright and Koffrn&n, 1953), ar' <i 
pyrosulfate is effective solvent-vase against a number of minerals 
(Axelrod, 19/4.2-^5.), it seemed logical to try such a fusion to effect 
solution of niobium in rocks* Ac-c-crdingly, the pyrosulfate fusion of the 
rock was extracted with tar baric acid and an aliquot of the acid v/as + ^eated 
with stannous chloride and thiocyanate e ^he yell cv;- colored niobiui -thiocyanate 
was extracted into ethyl ether  

The extraction step separates niobium from iron and reasonable amounts 
of molybdenum snd ttrngste-na Lsuw-Zecha, Lord, and Ha rue (1952) show that in 
the presence of tartaric acid 5 irc/n 5 uranium, and titanium do not interfere 
in a 100-fold ~xcess; vanadium, molybdenum, tungsten, and platinum interfere 
in a 10-fold excess.

If a suitable instrument is available to measure the absorbance of the 
yellow-colored niobiujt-thiocyanate s a standard curve can be established, and 
then the proposed method can be applied to materials containing from 25 to 
2000 ppm of niobium. Hovrever, if no instrument is available, and standards 
are prepared as directed in the procedure, the method can be applied to 
materials containing from about 250 to 2000 ppm cf rdcbiujn 0 Although the 
method can be used in the field, it has been tested and found to be extremely 
useful in a routine laboratory for screening saicplesj thirty to forty samples 
can be run in an ordinary day,



Reagents and Apparatus

Ethyl ether. Unless specially packaged, all dry ethers on standing 
tend to form explosive peroxides* Peroxides of ethyl'ther are not only 
dangerous, but they interfere with the niobium method* TO test for 
peroxides, shake 5 ml °? ether with 5 rcl o£ a-^ acidified aqueous solution 
of potassium iodide. If the aqueous solution shows more than a faint yellow 
color, due to free iodine produced by -che reaction of peroxides with iodide, 
the ether contains appreciable quantities of peroxides and should not be 
used. Shake peroxide-free sthsr with I/10 its volume of equal amounts of 
stannous chloride and pota sius? thiocyanate reagents en the day it is to be 
used.

Hydrochloric acid-tartaric acid reagents Dissolve 15 g tartaric acid 
in 100 ml of 9 molar hydrochloric acid.

Potassiurn thiocyanate a Dissolve 20 g KSCN in 100 ml water.

Sodium bisulfate, fused, reagent quality. Grind to a powder to facilitate 
mixing with sample.

Starmcus chl^r.ldeo Dissolve 15 g SnCl^^H-O i~ ---3® ^ Cj ? concentrated 
hydrochloric acid.

Standard r* 1obiU.TI so3utien c 0*02 percent, Solution A e Prepare by fusing 
0.02S6 g^bpOr- v.nt.h Io5 g fuf^d sod?-:.T: b.isulf'ahe In a pcr-o?lain_, or preferably 
a vitreosil crucible. ^is^olve the fb?ed rn^ss in 1 nclar tartaric acid and 
make up to 100 ml with 1 molar tartaric- acido This solution contains 200 
microgrsms of niobium per ml.

St a nd a r d ni obi urn _s o 1 u t ion, 0 r PC 2 p ̂  re- c- nt» ScOution P. Prepare by diluting 
10 ml of solution~£~t"c~%tCG ml wit,h 1 mclar tartsric acid and mixing thoroughly. 
This solution contains 20 microgram;, cf niobium per ml.

Tartaric sci^ 1 molar. Dissolve 15 g t-artaric acid in water and make up 
.to 100 ml.

Water. Pass tap water through a resin dernir:eralizer«

Balance, torsionf sensitivity 2 mg a

Borosilicate culture tubes,. IS x 1.^0 nun.

1 borosil icate volujnetrio^ flagk vrit-h stopper^ 100 ml.

12 borosilicate volumetric flasks, capacity 10 ml«

1 camel f s hair brush length of brush part - IB mm,

1 digestion and fusion rack bo support & to 10 tubes over the gasoline 
stove.

Ear syringes.
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glass filtering fiber, fineness AAA.

Mullite mortar and pestle, outside diameter of mortar, 75 J^-*

1 portable gasoline stove.

£ separatory funnels Squibb type, capacity 60 mm.

1 separatory funnel rack.

2 sereological pipettes, 10-ml capacity, calibrated in tenths of a ml.

Sieve, SO mesh 0 &0 mesh silk bolting cloth in an aluminum holder with 
outside diameter of 100 mm.

Steven's extraction sticks. These are made by constructing a glass tube, 
170 mm long and 7 mm inside diameter, near one end and packing the resulting 
small bulb with fine borosilicate glass fiber to serve as a filtering medium. 
Small cork stoppers can be inserted in the opposite end, or a number 13 ground- 
glass joint provided with a number 13 glass stopper can be fused on that end. 
In the niobium methods corks are satisfactory.

1 test tube rack, capacity 20 tuber.«

Procedure

Solution of sampler-Place 0,2. g of soil or rocks ground to pass an $0 
r.esh sieve and k g of sodium b.isulfate in a "bores?" Hicote glass culture tube. 
Mix by alternately rotating the tube and tapping gently against a hard surface, 
Place the tube in the fusion rack over the gasoline stove and heat to effect 
a fusion of the contents. Continue the fusion for 15 minutes. Remove the 
tube from the heat and rotate while cooling in order to form a thin coating 
around the inside. Add 10 ml of 1 molar tartaric acid and insert a corked 
Steven's extraction stick, fitted with glass filtering fiber, ^ithout heating 
the solution, use the extraction stick to break up the fused mass. If 
convenient, fuse samples in the afternoon, add the tartaric acid and allow 
to stand overnight. TJhen the fused mass is broken up, place tube and 
contents in a boiling water bath for 2 to 3 minutes. Remove the tube from 
the water bath and allow to cool. As the tube cools, the tartaric acid 
extract filters into the extraction stick.

Development of niobium°thiocyana£e complex. Transfer a 1-ml aliquot 
of the clear filtrate to a separatory funnel and add 3 ml of stannous chloride. 
Add 9 ml of water and 7 ral of the hydrochloric acid-tartaric acid reagent. 
Cool contents of separatory funnel to 20 to 25°C and add 5 ml of potassium 
thiocyanate. Y.'ithin 5 minutes add 10 ml of the ethyl ether reagent to the 
funnel and shake the contents for 30 seconds. Allow the phases to separate 
and drain off the aqueous layer. Transfer th ether phase to a volumetric 
flask, add a little ether to make volume up to 10 ml, and allow to stand 1 
hour.
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Estimation* -If the equipment is available, transfer the ether solution of 
the niobium-thiocyanate to a cuvette and measure the abscrbance at 3^5 m   
From a previously established standard curve, determine the-number of micro- 
grams of niobium in the. 0 C 02 g aliquot and multiply by ^0 to obtain parts per 
million.

Alternately determine the niobium content of the sample solution as 
follows: Transfer a 10-ml portion of the ether solution of the niobiura- 
thiocyanate complex to small flat-bottomed Messier tubes and compare with 
standard ether solutions of niobium-thiocyanate prepared by the foregoing 
procedures and containing, respectively, 10, 20, JO, and Ij.0 micrograms of 
niobium. If the color intensity of the ether extract obtained from a sample 
solution is greater than that of the highest standard, dilute the extract 
obtained from the sample with ether until its intensity is similar to that 
of one of the standards. Multiply the number of micrograms of niobium in 
the comparable standard by the ratio of the final volume of ether to the 
original volume (10 ml) 0 Multiply the results by ^0 to convert to parts per 
million.
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The Field Determination of Small Amounts of Vanadium in Rocks

F 0 N. W*rd and A. P. Marransino

Introduction

During the course of another investigation (V/ard and Marranzino, 1953) 
it was observed that vanadium (ill) reacted with thiocyanate in an acid 
medium to produce a yellow-colored complex ion or compound. Moreover, the 
complex ion was extracted from the acid phase with ^thyl ether. Vanadium 
(V) did not react with thiocyanate, but the higher valence was readily 
reduced by stannous chloride to vanadium (ill) (Latii..~r and Hildebrand, 19^4-0)

It occurred to the authors that a method for determining vanadium in 
certain types of rocks could be based on the reaction with thiocyanate, if 
the other elements reacting with thiocyanate could be eliminated or if the 
conditions could be adjusted to minimise the interference caused by them.

Molybdenum, rhenium, tungsten., niobium,, and uranium are likely 
interferences because they react with thiocyanate to form colored compounds 
extr actable with ether  

Under the conditions stipulated below, the amber color of the molybdenum 
thiocyanate faded within half an hour. Rhenium occurs in extremely small 
quantities in the earth's crust (Goldschmidt, 1937), an^ as an interference 
it can be ignored. In the presence of citrate tungsten is sufficiently 
complexed to prevent any interference. Niobium would probably interfere 
if it were present in large amounts. Although uranium (VI ) reacts with 
thiocyanate to form a yellow-colored complex similar to that of vanadium 
(ill), uranium is not considered to be a serious interference because the 
reaction is not sensitive e

In order to test the method, 90 rock samples from three different areas 
were analyzed by the proposed method,, The results agreed favorably with 
those obtained by a recognized laboratory method. With the standards 
suggested below 72 out of 90 determinations were within one standard of the 
accepted value. Moreover, the suggested procedure is extremely rapid as 
shown by the fact that 66 determinations can be made in L\. 1/2 hours.

Reagents and Apparatus

Ethyl e there Reagent quality,, Prior to use shake with a mixture of 5 m 
of stannous chloride in Ij. molar hydrochloric acid and 5 ml °^ 20-percent 
potassium thiocyanate.

Ethylenedi aminetetraacetic acid, di sodium salt. Dissolve 2 g of reagent 
in 100 ml water. :
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Potassium thiocyanate. Dissolve 20 g of KSCN in 100 ml water, 

Sodium citrateo Dissolve 10 g sodium citrate in 100 ml water,

Standard vanadium solution, 0.1 percent. Solution A; Dissolve 
g pure vanadium pentoxide previously ignited at ^OQ^C in a slight 

excess of sodium hydroxide. Neutralize with 1:1 sulfuric acid, add 23 
ml concentrated sulfuric acid, and dilute to 1 liter with v.-ater. This 
solution contains 1000 micrograms of vanadium per ml,

Standard vanadium solution 0.01 percent. Solution B; Dilute 10 ml 
of solution A with water to TOO ml. This solution contains 100 micrograms 
of vanadium per ml.

Stannous chloride. Dissolve 15 g SnCl2.2HpO ±Ii IQQ mi concentrated 
hydrochloric acid.

Sulfuric acid, 9 molar. Add concentrated sulfuric acid to an equal 
volume of water.

Alcohol lamp.

Borosilicate glass culture tubes 16 x 150 mm,
"""" ^^  

Lucit e spoon. A lucite bar with a cavity, 5Inni -n diameter, 5*5 ^^ 
deep, drilled, near one endo

Mullite mortar and pestle, outside dianeter of mortar, 75 w*11 ' 

Pipettes automatic rubber bulb and plunger type.

2 2-ml capacity

2 5~ml capacity

1 10-ml pipette, graduated in tenths of a'ml, 

1 1-m.l pipette, graduated in tenths of a ml. 

Test tube rack, capacity at least 20 tubes.

Procedure

Place one lucite spoonful (0.1 g) of rock sample ground to pass an $0-mesh 
sieve in a borosilicate glass culture tube. Add 1 ml of 9 raolar sulfuric acid 
to the tube and heat until the mixture begins -to boil. Remove the tube from 
the heat and allow the contents to cool to room temperature. Add successively 
l± ml of sodium citrate, 2 ml of disodium ethylenediaminetetraacetic acid solution, 
and 3 ml of stannous chloride. Place cork in the tube and shake to mix the 
reagents. Allow the contents to cool, remove the cork and add 2 ml of potassium 
thiocyanate. Again place a cork in the tube and shake. Remove cork and add 
2 ml of ethyl ether. Again stopper the tube and shake for 15 seconds. Allow 
the phases to separate and compare the intensity of the yellow color of the 
ether layer over a sample solution with that obtained from standard solutions 
reared as follows:



Pipet the required amounts of the appropriate standard solutions into 
separate culture tubes each containing 1 ml of 9 molar sulfuric acid.

Standard Vol. of Solution B Vol. of Solution A Vanadium Content
ml*

a none

b 0.3

c 0.6

d ) 1.5

e

  f

O"   ««

h

ml

none

 

V

-.

0.3

0.5

1.0

2eO

micrograms

0

30

60

150

300

500

1000

2000

To each tube add U ml of sodium citrate and proceed with the addition of the 
versene, stannous chloride as dirooted above*

TO obtain the vanadium content of the ?anple in parts per million 
multiply the vanadium content of the standard -vhose color intensity matches 
the color intensity of the sample by 1Q«
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