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Introdustlion

In 1908 a colorimetric method for the determinatbion of phosphate based
ont the resetion of a molybdate with s vanadebe and a phosphats was published Yy
Misson (1), A yellow ecoloured solubtion is formed when an acidie solution of a
mixture of s vanedete and s molybdate is added to an orthophoephate solution. It
is thought that the ccloured compoment is phosphovanadomolybdio aocld, HxPO44aVOz.
11Mo0Q%, but the sxmet econstitution 1s uncertsin, The usefulness of the colori-
metrie procedure baged on this eolour reaetion iz however unaffeeted,

The method has been put forward for the analysis of ores, plaln carbon
steelas, (2, 3, 4, 6, 6.) plant meterials (7) biolopioal materimis (8) and
fertilisers (9, 10.).

Experimental and Dlscussion

The most accurats way of using colorimetrio wnalysis is by the differen-
tial tecimique, thet 15, comparison of the unknown solution with an ascurately
lmovm gbandard solution by messurement of the two aolours, or more striotly the
optical danslitleos,

The differentinl technique is mozt accuretely applied to solutions
differing in eomposzition by small smounts of the order of 1% sconcentration. A
more useful method, and one whieh has boon adopted in this work, is hased on a
ealibration graph drawn for a short range about the concentrabion of a salected

rofaronce standard,
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Apparatus
The work deacribed was carried out usging a Beckman DU Speotrophotometer,
Readings on the instrument were made using 1 om. cells for all deteminations,
The error introdused by badly matohing eells ocan be overcoms by several
methods.,

One method inwelves tho addition or guzbbraction of a certain fixed

difforence detarmined by filling the two ¢slls with the same golution and remd-

ing the optical density difference, This method is not favoured for the followis

TERE0N.
1f 4; is the optiocal density meamired in eall 1,
4z is the optieal density meﬁsqred in cell 2.
L 16 the length of cell 1 -
L4+ 1= the length of nell 2 _ U
o is”concantfétion of aoiﬁﬁiéﬁi" |
Then  djm KlLo

doz K(L 4+ aL)o

dp - d) = K&lLe

1% will bo seon therefore that for two oslls of slightly differdnt optios

path the difference in optical donsity varies with the concentration for a fixed

difference Al in cell length,

The method that was favoured in the work desoribed wms ng follows §=

‘T oalls were arbltrarily marked A and B: cell A was filled with the gtandard
‘refarence solution: 91l B wes filled with the solution of unknown concesnbtration
and the optical denaity di £forence was measured. Cell B wees then filled with the
roference standard, cell A was f4lled with the urknown selution and the optieal
density difference arain measired. The aritimetio mean of the twe readinge wel
talen as the true optioal denglty differemce. This Yeshniquo was used in the
preparation of ull the calibratien graphse snd for nll the subesequent work on the
determination of phoephate in s mmber of fertiliser samples,

The same tochnigue was uged in'ﬁeasuring the effect of ions of impuritien

This teohnique of reversing the sells, elthiough réquifiﬁg R 1ittle more time,

yields the true optioal density fipure despite changes in oconcentration or in the
condltion of the op¥iesl surfacos of the colls,

The Beclman Instrument

Some measure of the rangs of the ingtrument is shown in Figse 1. The
ingbrumnent wag balsnced for different wavelengbhe uging the appropriste slit widt
with tho seneitivity centrol at itg clockvige maximum, curve 1, and the sengiti- °

vity control at the antisloclowdse maximum, curve £, All resdings were obtained

en an alr path with no cell in the besm,



: -5 -

T4 san bo noted that there is a rapid increase in sglit width ss the wave-
langth iz roduced below JE0 Hil. Thig is aue fo the rapid fall off in intensity
of the light emitied by the tungsten lamp at vmvelengths below this figure, The
rogion botween 400 mu end 650 mu represents the region of meximum output of the
lamp. |

. Phogphovansadomolybdate Colour Reaction

The vanadete molybdste reagent used in this work wes thaet adviged by
Hengon {9).

Tt was usod as 8 composite reagent, a wixture of the two salts seidified
with nitrie acid, Deobtails of the preparation of the reagent are rivon at the emnd
of the text. FTha cptimum conditions for colour develorment were given by Quinlan

and Do Sesa (4) using perchlorie acid to acldify the solublon asi

reid et Normel
E’IO O'OE bl 0006 MOlIlI‘
v 1 ~ 4 Millimolar

and 7 = 46 papems PoDg for 1 em cells.

The guantities suggested nt the end of the text using the Hemeon reagent

AYE =

atld D465 HNormal

Mo 0,084 Molar

v 246 Millimolar
pnd TO pePalls P05

Tt wms found that exsotness of measurement of the quantity of reagent wes
not critical tut should bs to at least 1 ml, The absorpticn of a coloured solution
sonteining 1 mge P205/100 ml, is shown in Flg, 2, between the wavelsngths of
560 mp and 600 mu using the diluted rosgent as gtanderd zore., It can be éeen
that by ohoosing a suiteble wavelength, slmost mny desired degree of sensltivity
cenn bo obtelned.

When brlsncing tho Beckman instrument with ghandard solutions of fixed
opticel dengity it is possible To achiove balanco st Mxed methings of the alit
width and sensitivity control., Each o% these gettings is interdependent. 1T one
is ohenped the other must also be chemnged %o compensate, The glit width 1s
calibratod. Tho reesponse of the instrument whish ias & measure of the gensitivity
veries with the slit width. This response 18 dofined as the defleotiom of the
necdle for a chenge in the transmiseion of one divigion. Tho response is measured
in units ogual to the reciproeal of the change in percentage tranamission which

paugon a headle deflootlon of one division.
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The regponae at 420 m1 Por various concentrations of Po0g is shown in
Figy 3.

Ths methed of procodure vme to balmnce the instrmont with a aolourad
zolution of the recuired coneentration at the lowast posaible valus of the gli%
width and to momsure tha differonce in peroentage tranemiselon for n deflootion
of the nesdle of 1p dlvisions. This measurement was ropeated at wvarious =11t widths
up Yo the maximum slit possible, The presedure was reposted for various concentrs-
tiens, If the tnatrumont is o be road with corbainty to 0,14 trananigsion, and
if one stipulates a neodls deflection of & scale division for a chenge in trang
miselon of 0,1%, the instrument rosponse required would be 5, The hori zontal 1ine
ropresents thie response and the abscigsne of the peints of inte}aenticn are the
glit widtha necessary et the various connentrations te obtaln this response, I+
may be noted that the rosponss lnicresses as the zlit wldth incressos end algo thet

8 gropter slit widih is required for s giwon rospones as the eoncentration ineresses,

Opuinmm Fhosphato Concentration for Anelysis

It follows from thesretiesl csonsideretions thet in goneral +the higher thse
cptleal density of the solutions being messured the grester the acoﬁracy. For if
dy is the opliecal density of a coloured golution A relmntive 4o

the solvont,
dp is tho optiecal doenslty of a.similar rofersnoe solution B of
known concentration,
dy tho moasured optisel densiby difference betweend end Ao
then dp =z d; de

In meking the optienl density meamirements +tho optical densities of the

d

gpecimen and referemcs nre arrenged o that tho differenco is amall and is resd om
the most opon part of the optical density zoale.
For a zolution obeying the Bogr-Lambort law
4 & Kel vhero 4 48 the optical denglity
E is n conabant
¢ 15 tho concontration
ie the length of the light rath

L
Froctienal error - C m oadp oo dy
N VI P

where /N ¢ iz the amallest monenrable differonce in concentration, anddMdm 1g the

emallest moasurable difference in opbleal density end may be defined as the instru-

-

‘ment error, For g given optieal denaity differensedy , the precisicn inoresges
with dg, the optieal dengity of the cgloured solution, up o the 1imit imposed by

davistion from the Beer--Lambaert law,
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The following btreatment is similar ko that used by Neal {11) for the
geleotion of the optimum concentration for the colorimetris ostimation of titanium.
Ifs-
dy and d, are the optiesl densities of solutions 1 and 2,
o] and cp are %he conoentrations of solutions 1 end Z,
I, is the intenalty of ineldont radiation,
Ty and I» ars the intensities of rediation ;tranmni"cted through
solutiong 1 end 2, -
K is a constant depending on the nature of the solution being
measured,
L is the lenpth of the light path
Then by definition:-
di w logilp Io/11 ..ﬁg................ (1)
dg = logyg Iy/1, e, (2)

According to the Bear-Lambert law:-

d.l = KUlL X AR IR ETER XY ) (5)
d—z - KGEL P T T R L L)) (4)
4
from aquation (1) 1 I’D/Il = 10 Tewnsrsseansens (5)

from un&tiﬂn (2) H ID/TE - lﬂdznioatliiii"" (6)
from (5) and (6) ¢ Ip/T1 = 10ld1-dz2)
KL -3
= :LD (‘01 2)
KLeq(lesd
z 10 1( )

= 1061(1'“)........ (7}

whers ® = rabio of the concentrations = co/e1

A7 (L= o

from (7} ¢+ 1 - IE/Il = 1+~ 10 1 )

47 (1mex

or AL = 1-10° /
whero XL w Ig- In

If og % o3, then solution 1 is used us the reforenco solution and the ingbrument
adjusted to read 100% transmiasion with solution 1 in the light bosm.
dq(1 -m))
This AT = 100 (1~ 10
Epkwa AT is expreseed as porconteso trensmission.
Curvo A. fige 4 is the graph of AT plotted against optical dengity for

& = wiB. Az 3 incresgesI Increnses begoming maximum at @ = infinity.

turve B. L5 the greph of the expevimental results in which the &I for

“peifz of solution ofoé m 1,25 was plotted apgninst the optiesl density, There ie
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g marked devistion from the HBeer-Lambert law for walues of d grester then 1.5 and
T renched a maximam at s concentration of about 7 mg. FgOp /100 mls It can be
aimply shown thet the securacy i1s proportional toAI for a given value of ot and
that the oriterion for the best salibration curve is that it hes the preetest AL
for o givon walue of 0, Tho accuracy of o determination of & concentration ism
dofined ns the product of the concentration corresponding to a point on the calibra
tion ocurve snd the glope of the curve at that point. If the error in determining

AL 1z econabant for mll velues of .

the slope 5 = &(AIL) = AL where AT ie the

— trengmigslon ratio of
the solution of conw
centretion o and G2

de ¢y =~ op

Acouracy = AT 0] + o2
cp o~ 0o =

= QIQ Z{j.lﬂ%—
=

Henoe the asouracy is proportlonal to AT at congtant & and the greatest accuracy .

13 obtained whon AT is greatas?_fpr a g;yen value of ¢, Thege conclugions led us
to select the concentration rengs about 7 mg. P205/100 ml, for calibration of the
Bookman inatnment. This concentration lies conveniently at about the mid position
of the range of concentration obbtained’ froh our nowmsl produocts by the pronedure

roocmmendad et the end of the tewh walng conventional plpettes.

Development of Colour

On addition of the remgent solution to a phosphate sclutlon the colour
is repidly developed o% ordinary tomperatures., A coloured solution conteining 1 mg

Pp0g5/100 ml, derived from pure KH,PO,, wes compared with a reagent blank, (See

fige 5)s It ia seon that full development of the colour is complete after 15 mi
and it romeins virtually sbablc for ot lonst 24 hours althoungh thers is e slight

ineresse in intonslty. A solution containing 5 mge P20p/100 mle was found to give

the ssme romding ap the initiel rwading sfter 5 days if comparod with s stendard of]
the ssme ago, If, howover, the solution after standingfhrr 24 hre wes comparad with
a froshly prepared solution of the seme oonosntration the optiosnl donsity reading
at 420 ma of the older solutlon was found on average o be 0.023 greater than the

new solution, This is of no gignificanoe howsver, if the solutions used for dew

tormlinations are of the same ags.

Variability of Reading Instrument

In Table 1. & ligt is glvon of resdings teken on the reagent blank.
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Variability of Reading
Ingtrument (Cont!d,) Tablo 1.

Wavelength 420 mu 31it .03 mm.

Reference coll 4 containing dilubed reagent solution.

Foedings on cell B contalning semo sclution.

~0,00% +04005 “0.001 +0 4001 04000
#0002 404007 ~0.004 +0,00% 0,002
+0.005 04007 -0.003 04001 +0.001
$04004 +04007 ~0.002 $04002 -04004
#0.008 ~0.001 $0.001 $0,001 ~0400%
#0008 -0.001 ~0400% $0,00% 04002
$04005 0,003 ~0.001 #0.002 $0,001
404008 ~0 4003 0,000 +0.001 +0,4001

monn 4 0,001; Stenderd Doviatlon 0.003

Two cells A snd B contalning the same solution were used. A waz used to
zero the needle und the resding obbained on B, B wng emptied snd recharged after
saeh reading.

The stendard deviation 1s 04003 so that about 9% of ell readings should
lie within 0.006 of the mean realing, ¥or a solution of Smg. Pz05/100 ml. of
optinel density 1.1, if the seme error is obkeined, the cceffioclent of warietion
would be of the crder of 0.27%.

Temperature Variaticon

Table 2.

Tempe ratare Optleal
°0 Denalty
18,8 0.388
18,8 0,388
2046 0.392
209 04389
26.4 0.389
2648 0.592

This mey arise in two weys, differences betwesn the temperatures of indi-
vidual eella, snd daily varistions in the laboratory yemperature in whioh the pair
of nells ere at the ssmo temperature but may be different for different daye.

Table 2. shows the rosults for the varistion botween pairs, A stendard
was made up of the diluted reapgent snd comparod with s coloured solution containing
1 mg. Pp05/100 ml, which had been allowsd te stend for 24 hours te ensure sbebllity
of oolour. Both solutions wore eoceled in the eells by empesing them to the oub«
side temperaturs and then reading the optieal denglty at 420 ma, Readinhgs veras
medo nt various temperaturos while the cells wore waming up. It was concluded that
thorc wes no sipnificent difforence in the comparative cpticsl density of twe

solations cemsed by verisbtion of tho tomperaturae ovor the nomal renge of room
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temperstures,

The difference in opticsl density between solutions in c6lla nt different
tomperatures ig more diffioult to determine axperimentally and mne figures are
eveilable for differences dus to thig caleo, That it mey be significant 1is showm
by curve A. in fig, 6, 4 goll wes filled with water and placed in pasition in
tie instrvment: the ingtrament Wae switched on 30 mimites before the oolle were
inserted, The rige of temperature with #ime is showm. It wes found, sontrary te
oxpeetutions, that the tempereture of a solution in & eoll wermed in tho ingtyu-
ment did rot a1 rapidly te the ambient temporature 1f the cell wore removed frem
the Lnsirument,

Flge € curves B and C show the pattern of behaviouns for g ncll exposed in
the instrumeny for 5 minites, and ellowsd To stand in the room for 5 minutes, then
replaced in the ingtrament for & minutes, and =o on, ez might be obtained in the
oags of a standard solution if the cell were not emptied and recharged frequently
Puring & long series ef deternineticns,

It 28 shown that there ig an everall rise in bemporature ceusad by slight
hegting of the coll oompartment,
rGeil Positioning

Avenraey ie reguired in settlng the 0211 in the carrier, Unless the ogol]
is each time perpendicular to the light “eam, the length of the light path through
the ebsorbing medium will Varye. BSupposs that the normel +o the 0oll mekes n amall
angle 1 with tho $neident light beam, If pode tho refractive index ef tho abgorbe
ing medium, ths fractional errr & in the path ig given by

PN

Az the poll can be set to within 1° the error should be neglipinis, 4
nunber of readings wers obboinaed for the optinal density of & selution in ong osll
containing S mg. Ppog /100 ml, memaured relative to the same solution in anothay
cel], on gantly attempting to twist the ecell in the asrriar,

Iu wea conaludad that negligible arver &rlHDB from thie omuge,

pendanca of' Reading on Techmique of Flllirg ang Emotying celis

Thare are varieus techniqueg of filling end emptying «ellg,

1o mathod ia by dreining with s pipette and refilling with the required
solutirn. Figiras were obbaeined whapn « golution of 4 mg, P205/100 mle was ro-
plaoad,by one containing B mg, Pgo,/ioo ml. using thig technique, It wes shown
that st least 4 chanpes of golutionsg were necemeury before the sorrect velue we g

Pb’tﬁiﬂﬂd.
Another techniqie is ta anpty the cell by Invertlng pnd refllling, About
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3 chenpas were necessary to obtain the correct reading, when this technigue
wig adopted.
The Reagent

Concentralion of Acid

It has boen showm (%) thet the intensity of the coleur prodused depsndg
on the cenventration of tho uoid present, The relatlonzhip betwsen colour
intenglty or opticel donalty and the wmoid normality of the finsl scloured selu-
tion 1z showm in Figp, 7.

It is seen that the cclour intemsity is congtent for n range of =scidity
between 0,558 und 0.86N end that it iz more intenpe st lower concantrationg of
aold and lesa intense for higher conceﬁtrahioﬁa.

The stendard solution used contained 7 mg, Pg05/100 ml, end 30 ml, of
The Hanson resgent, snd had m: secidity of 0.68F.

Concantration of Molybdemum end Vanadium

The relationszhip between cpbical denasity and molybdemm and vensdium
concontrabions ie showm in Fig. 8, It iz seen thet for s solution containing
7 mge Fp0r/100 ml. e minimm of 245 x 1070y mﬂiybdanum.and 1.&5210"3M vanadivm
ig roquired in the final coleurad solution. Tho reference sbanderd solution
used in the former caae contained E.é)(lo_am vanadivum snd in the latter case
3.¢}(1D_;3M melybdorum, snd the acidity in both caszes was 0,88,

Effect onIms other than Phosphato, found in Phesphete Fertili gers

Although many ions are found in commereisl Fertilisers in tracs smounta,
The materiels investigated, both snions sud cations were those thet ars found
in relativaly:large smount, origineting in the superphesphate or Plller, or
those dons thet are udded as basic ingredients of tho fertiliser or ms reagents
in the extraction und proparation of ths phosphate solutions for anelysis.

The ions exsmined were forrio iron, potassium, sluminium, oslclum,
smmonivm, salphate, silicate, citrate, chloride, horate, flusrida snd Fluosili-
cate,

The affect of these lors on s solution conisining ¥ mg. P205/100 ml,
derived from pure KHoPO4, and %0 ml. cf-the Hanson resgont was exuminod. The
rungos of concentration of the ions were based on the averspge content of the
lons in superphosphate in tﬁa cage of lupuritlies snd on the added smeunts of
ions suc%_aa smmeniun, petassium and chlorid. found in compound fortilisars.
The oitrate ion range was based on the guantity of eitric seid ueet in the axe

Traction of a basic slag sccording to the British 0fficial Method of extrmetion

for asnelysis. All these ranges were caloulated rejstive to = phosphate quantity
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of 7 mg. P20gs A llst ig given in Table 3,

Wone of the iona had significent interfersnes on the renge investigated
execopt citrate and iren, Silicets waz found to intorfars if the soloursd solue
thons were allowsd to stend for 24 hourss A slightly highor optical denglity
Was devolopeds A sllionts in the absence of phosphate was found to develop a
faint colour when mixzed with the roagent and ailowad te gtand for 24 hours,

The behaviour of the molutions conbalning ferrie irom ig shown in figure 9, and
the behaviour of thoso containing citrets 1z shown in figure 10,

All the megsurements were made at g wavelength of 420 mu.

Tabla 3,

Ion Added es Range mg. /100 ml,
gt end c1' X0l 0 ~ 20 KC1
Fottd FoClza8H,0 acidified 0 - 5) Fe
wlth ol
R hia A1K(804) 0012Ha0 0 -1 Al
Ga++ Callyp.6Hp0 O~ 80 Cu
nH,* and g0, " (NHp) 2804 0 - 109 (WHy)2804
8105"" eoidified NapSiOx 0 - 17 8i0s
PE l.4
Citrate cltrio noid Q = 300 elbrie weld
Citrate neutral ammonium eitrate 0 - 300 oitrie geoid
Bog' ! - HzBO3 Q - 5 HxBOz
wat and F NaF 0 - lud F
0 = le6 Na
1T, o MESiFg 0 = 241 SiF,

Preparation of Standard Phosphate Solution and LRoagent

A phosphate solutdon conteining 1 mg, PoOg per 1 ml, was preparsd
a8 follows, Analar KHsPO4 was dried in an oven at 100%C for 2 hours and conled
in a desicentor. The dried KHZPO4 (149173g.) wes dissolved in distilled wekor
and made up to give 1 litre of Solution 4,

The stendard 7 mg. Po0s/100 ml. phosphate solution vwes mede up in =
100 ml. olmnss A volummetric flask using 30 mle,reagent, This standerd wae
obtained by weiglding out 7 mls. Solution A or diluting five~fold snd measuring
36 mla, This messure was cheoked grevimetrioally by first weighing 100 -ml,
made up in a elmzs A volumebric flask snd so determining the welght of 7 ml,
The accuracy of the gtandard is of extrems importence,

The Reapgont igs prepsred by dissolving gnalay ammondivm molybdate (20g. )
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in distilled water (400 ml,) at 50°C. Analar smmonium vansdato ( 1z, ) is
dissolved in approximately 300 mls, weter and concentrated Anslar nitric soid
(14¢ ml,) edded. The molybdate solution is ndded slowly %o the acid venadate
solution with mixing and the resultant mixbture made up te 1,000 ml, with
diastilled water,

Method of Provedure for Phosphate Anslysig

One method of taking aliquots for determinations is to take the soluw
tions obteined by the British offid ul methods for exbraction of goluble and
totel phosphate amd o dilubs them in two gtages to the required oannenﬁQatinn.
Thig teohnique is tediousz apnd time conguming but may yleld grester scouracy. It
is consldered dogirable, hewaver, to keep dilutions to a minimm. Tt was de=
terminod, thersfore, to take largar portions of the originsl solutions with
class A plpettes of capacity 5 mls, or over, and mske up larger volumes of
coloured solution using o etandard concentration of 7 mg. Pp05/100 ml, In general,
volumes of 250 ml. were preparsd, The above concembration 1s sbout the mid~point
of 8 range of concentrations obbtuinable by the British offiocisl metheds of
preparation from our products using pipettes of conventicnal caprelitlies, snd it
has the advantage of having u higher optical denglity than the standard 5 mg.
Po0g/100 ml.

Depending on the phosphato content of the fortiliser sample, sn aliquot
of the soluble or total phosphate golution wus teken with a oless A vipette so
that the coneentration of PsOs in the final colour sclution was about 7 Mg, par
100 ml.

The teken aligquobt was tranasferrod to a 250 ml. volumetrio éldss L flask
with 76 ml, resgent and made up to the mark with distilled water, The solutions
were allowed to sband for at lenst 15 minutes. The time for colour develomment
is not of great importancs so long as 1t is groater than o miniwmum of 15 minutes
snd thet all the eclour golutions are of the sgme aro.

Meamurament of Optical Denpgity

The comparative opticsl densitiss wero messured in 1 om. cellas, The
oolla are delicate and great care was takon in thoir hendling snd £illing, The
optionl murfaces were not touched with the fingers und the cells wore mlways
stored clegn. The most suitablo meterial for polighing the outer gurfacss wasg
found to by a Selvyt cloth, The mothod of positioning cells and cell carrier
wes sbandardiged, and wes the same as tho positioning used in calibretion,

Iwo conditions arise in the application of tho mothod.

{a) The opticel density of tho unimovn solution 2 is.graater thaen that of

the reference solution 1,
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In this.casa the inghtrument is balenced st zero on the optical density
cogle with the reference solution 1 and the optical denaity of 2 is
mogsured,
Then ‘ Gp conc. of solution Za
g7 conc, of zoluticn l.
dy measured oplical dengity differemce
Gp = K] + R+ Oy
Where K snd R are oonstentz for a linaar ealibrabion graphs
(b) The optical demsity of the unlmown solution % is less then that of the
reference solution l.

The solution 3 must bo used for the initiel sdjustment of the instru-

ment snd the optlcal density of the referensce solutlen 1 im measurad,

Then if 0z cone, of unknovn eoluticon

dp = messured optical density difference
(g = -Xdp 4 R 4 Op

R should be zeTo buy in most celibrations {5 found %o have s.. very amall
positive or negative valud.

The wavelongbh choson for calibration was 420 mp to coineide with that
supgosted by Donald Sehwehr end Wilson (10) end %o give o reasonable rangé of
phosphate concentirations, meamreble by the insbrument.

The sbendard phosphate was prepared from Analar ¥HoFO4 end the stenderd
consentration chosen wms 7 mg. Ppls per 100 mls 1,8, 70 pte, Fp0g per milllon.
The salibration graph plotbed betwasn 5 and 12 mg. P205/100 ml, weg linesy bo=
twoen 5 mg. snd 9 mg. oer 100 ml. snd the linear rolationshiv betwsen optloal
doneity =nd concentratlon of PoOf wWns saloulabed for thase velues by the method
of ront mean B3JURTEG.

gxproseion (1) gives the value of vhe exprossion ealculated,

Expression (2) gives she velue of the exprossion caloulated for the
game solutiens uging different colla. It csn be noted that there ls olose
sgraement botween these callbrationsz.

Exprogsion (3) is a enlibretion gxpression using a total phosphate
solution of a Morocce suporpheephate ogtimated by the Wilson method ss sbendard.

Exproseion (4) is calculetod for a similar set of results uelng &
total phosphade solution of o Moroceo superphosphato estimatod by & Magneslum

Ammonium FPhoephate mothed s standard.
Gz m 4. 64774 - D.0R2TH 4 Gl cansrvabaRRRBun b (l)
e - 4-64:576- "0-01898 W Gl "EEE AL RN R LR (2}
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Ca 4,8776d = 008263 4 CJ wwevevussvonasnne (5)

GE 4.6176':1 + 0.01718 + Cl L AL R (47)

A11 the aliguots of the solutions were checked grﬁvimetrically te the
third place of decimels and were therefors adjusted wvery accurately. I% can
bo meen thet there are alight divergencies wetween the Magnesium Ammonium
Phosphate estimsted standard results, the Wilson method ostimated standard re-
sults, and the FHaPO4 stundurd resalts, the KHpPO4 expression lying between the
Wilsen refarence standerd result and the Magnssium Ammenium Phogphate referenae
stendard results. It should be noted, however, that the differences are very

anell .

Table 4.

Regults on Supsrphosphate

Totel Phogphate Ingtrument Beclmon DU Speoctrophotometisr o = 4464374 - 0.01898

4 Ta0
. Colorimetrie Method Wilson Differ-
Method anda
Quan?ity af ] _ ] maan of
z;ég;;zéeaaguzo/ OpZz;al D;:;lty Difference (0JD.) iiizzzgé £Po05
T o, coll 4 coly B  Meam P05 % Pz0s
Congbtentine
Supar 10/250/75 0,037  0.037  0.037 17.88 17.81 +040Q7
Morocoo Super 9/250/75 0.082 0,042  0.047 20.00 20400 0400
" " " 0.084  Q.047 0.051 20,06 20406 =001
" " " 0.062  0.044  0.048 20.01 19.95 +0 .06
" n " 0.034  0.022 0.078 . 19.75 19,77 =0.02
" " " 0.028  0.01% 0,020 19.66 19,84 ~0.18
" n " S 0.042 - 0.025 0.0%3 19,82 19.92 ~0.10
" " " 04037 0,038 0.036 19,88 19,87 ~0,01
" " " 0.084 0,020 D042 19,93 19,87 +0.08
" n L 04065 0,017  0.041 19,92 19493 -0 401
u " 10/250/75 0.186  0.181 0,184 19,59 19,60 -0.01
" n " 0218 0.212  0.215 19,95 19.95 0400

Moon Difference (irrespective of sipgn) 0.04




Soludle Phosphat

G

Original sclution diluted five—fold and 25 mls,

Instruments:

itesults un.Superphnsphateh

TABLE 2

Beckman DU Spectrophotometer
Unicam SP 600 Spectrophotometer

Moroceo Super
L "

n
"
i H
n

M 1]

Colorimetrie Method

taken,

Solutions treated with HNO3

Beckman
G.D.* %p24s

0,017 17.66
¢,025 17,75
0,609 17,57
0,067 18,23
¢.05% 18,14
0,087 18,45
¢.030 17,80

Unicam

0.D%
0,617

- 0.026

0,009
0.07¢
G,060

. 0,088

¢,031

NP 205

17.63
17.76
17.93
18,24
18,12
18,45
17.79

Criginal solution undiluted straight aliguot

Solutions nntreated

Beckman

0.D%

0,815
G,024
0,000
0.065
¢,057

of & ml, taken

%F 205

17.64
17.74
17.53
18,20
18,11

Unicam

&.0%

0.513
0,023
0.003
6,064

0.038

%P 205

17.58
17.7¢
17,46
18,17
18,16

¢ = 4,5386d -~ 0,01324 + 7.0
¢ = 4.,6361d - 0.0283 + 7.0

Wiison Difforence Jifference
Method for H¥23 for untreated
— treated solutions for
Mean of 2 solntions for Beckman result
determinations Beckman results
®F 205 %P 205 %2205
Y7.70 ~-0.04 ~3,06
17,77 ~G,02 -0.03
17.61 ~G,04 -3,08
18,28 0,55 0,08
18.15 -(,01 -3, 04
18,51 ~0,006
17.85 e an ~0.05  pean + 0.06

I
difference™ 0,04

and trested with HNG3,

Morocco Supeor
r H
L 1]
1] n
n n
H n

*DID} b

¢,045 17,98
0,086 18.44
0.050 18,03
¢,063 18,18
0.057 18.11
0.007 17.55

0.048
0,087
0.051
0.066
0.058
2.008

17,93
18,43
18.902
18,19
18.10
17.52

Optical Density Difference

17.99
13;42
18,12
1&,18
18,16
17.49

+ Irresgpective of sign

-G,01
+0,02
—2.09

d.,.00
=-0,05
+0.06

mesn T
differencel, 04

difference

- 31 -
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Table 4 shows s number of results obtained on total phosphute solutions
neging thiz teelmique., The Wilson method regults on the same gamples ars also
tabulated, It os=n be seen that although there iS.SDmGthHOE & large difference
in the optioea] demsity readings when the order of the’cells is reversed, the
mesn of the two readings gives en scourata regult.

Table 5 shows s mumber of reasults obtained for scluble phosphate deter=
minstiong. Some of the eolorimetric remults wore obbeined using the above
technique and some by five-fold dilution of the phosphate extract and teling an
aliquot Pive times larger than in the former case, It was found slso that if
the phosphate extract were heated with nitric meid (1 ml. conc. Analar nitric
aold to 25 mls. extract), slightly higher results were obtained which in gemeral
were oloser to bthe Wilson method results, A Unlosm SP 600 and a Beckman DU
speotrophotometer wore used to messure the optical densities of the solutions.

Table 6 shows a number of determinations of scluble phosphate in a
gemple of Moroceco superphosphute with and without nitric seid treatment., Eaoh
regult tz n conplete determinstion of the soluble phosphate in different por-
tions of the seme semple. They are not merely replicetes of a single sample
solution, The stendard deviation 1z 0.05 for untrested solutions and 0.04 for
troated colutions.

Table 8.

Results on a gample of Morcceo Superphosphete

ntronted After nitrie acid treaitment
_%ggag-H- %PQOS
18.83 18,34
18.48b o 18,38
18,41 18441
184,47 18,45
18.40 18,39
18435 18443
18,28 18,32
18,32 18,39
18,42 - 18,39
18,42 - ' 18;42
18,40 : 18344
Mean  1B.32 Mean  18.40

Standard devigtion 0.05 8tandard devistion 0,04
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QOther Instruments

Tt will be obgerved in Table B that remlts have baen obheined with a
Unimem 5P 600 spectraphntometer, It wes found tha-h_ the -mn&i‘binns egteablighed
for the Beekman DU spectrophotometer oould be directly npplied to this instrument,
This 1oss eluborate epectrophotometer is squelly suitable for phosphate fertiliger
analyeis and is simpler in operation. Calibr;at:i;on graphs for the at;ove instry=-

ments mre ghown in Figs 1l

Fige 11 also shows teo ealibration graphs for s Spekler nbsorphtiometer:-
(1) using a tungsten filsment lamp and a Kodek filter giving maximum

trensmission et a wavelength of 430 I »

(2) using a meroury vapour lemp and s combination of Wrabben No, 50 and
Ghanoe 0B2 filtera to isolate the 436 mp line, It will be obssrved from these
graphe that with the meroury vapour lemp, the ingtrument sonsitlvity is spproximate-
1y doubled and that the graph is more nearly u straight line. ‘
The uge of a filter piving maximum transrniséion at o lower wavelength
inereases Instrument sensitivity. This was found impossible with the filement lemp
unless the standard phosphate concentrabion was redused to the order of 1 .mg.. PolB
per 100 ml, Even with the mercury vapour lemp, operation wag more eatisfactory
with a 5 rather than a 7 ng. Fo05 standard,
A mumber of comﬁara,‘ciw tegts have besn mede wsing the 8pekker absorptiome=-
ter ageinst the Wilson method and other instruments. Table 7 shows results for
water soluble phosphate when testing the same aqueous extrmot of varicus samples
of Morocoo Superphosphate. The instruments used were (1) Spekker H,760 absorptio=
metor with tungston filement lamp; (2) Beokmen DU spactrophétometer; {3) Unicem ‘

P 600 spectrophotometer.

Table 7.

Bpakker Beclman Tnicsm
18,61 184,64 18,63
18406 18,44 18,54
17.83 17.82 17492
1767 17,73 17.78
18408 18,14 18,14
18,08 18,10 18,07
18,33 18,28 18427
18,08 18,06 18.06

Aversge 18,24 18,23 18427

It is concluded that there im reasonsble agreement betwsen the three inatmi-

mentg,
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Conclusiong

The wvenedo molybdate colerimetriec method is suffieiently precise for
the determinetion of phosphate in fertilisers,.

The greatest accuracy is obtained by using solutions of meximum opticnl
density within the limits imposed by instrumental charscteristios or deviation
from the BeerwLambert law,

The molybdenum snd venadium concentrations muigt be creater than o fixed
minimum, but higher consentrations of theae roagents osuze no effect on the
eolour except for the slight additive colour due to the vanadate solution. A
renge of wseldity iz peassible over which the intemsity of the colour developed is
constant,

Of the impurities commonly found in fertilisers, only iron snd citrate
ions showed signiflesnt intarferemve in the range investigeted.
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