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THE FORMS OF SILICATE AVAILABLE :raa
COLORIMETRIC DETERMINATION

SUMMARJ

A etud1 has been made concern1ng the ava1labil1v of sUica

tor colorimetric determination 1D various silicate compoundso

It has been found that sUica in silicates with N82015102 molar

ratios greater than one can be determined by the colorimetric methodG

When the ratio is les8 than one, in concentrated solutions the available

811108 decreases with the ratio 1n 8 linear manner. In dUute solut:lcms

the per cent availabUity of silica incresaee with decrease in OOl1C8n­

trat1ono Colloidal sU1c10 acid is not determined colorimetrically,

upon standing only part of it 18 transformed into aD estimatable torme

The color intensity of s1licomo:qbdate in sea water bas been determinod

to be less than in distUled water by a factor of 1.230 It has aleo been

found that in sea water medium all soluble silicate can be determined

colorimetricallya

The utility ot the e1l1comol7bdate method tor the colorimetrio

estimation of various torms of silicates thus has been defined. The CODa

elusions should apply to both the molybdenum blue and e1l1comolybdate

metr~ods~ The work with & sea VJs~er medium should be of significance in

the estimation of oUicate in 81'11 saline mediumo
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THE FO. OF SIT,lOATE AVAILABLE FOR
COLORIMETRIC DETERMINATION

mTRODVCTIQJ1

The colorimetric method of Dienert and WandenbulckB (1923) .

is now considered as the mos~ c~e.D1ent fordeterm1n1ngs1lieate in

Datural waters o SlliC9te in ionic form,. but not colloidal sUicic a~d,

is thought to be determined by this methodo Robinson and KeIlmlGrer (1930)

reported that all the silica could be determined color~etriq~Uy~.

when the NS20 :5102 molar ratio wss greater ·than UD1ty, .but Bruje\1iq~ and

Blinov (1934) and Robinson and Pu.tnam (1940) stated that the disilicate,

in which the ratio W8S 1/2, could also be determined quantitatively~

ConsequentlY' it is not known w~t silicate forms can be estimated tv'

this method cw The present paper reports the results of an in'V8stiption

concerning this questioDo,

REAGENTS AND C.TOALS

All reagents used in this research were of CoP0 quality 0 The

various solutions were prepared with distilled tiatero Severalot the

different sodium silicates were supplied by the Philadelphia Quartz Coo

or California; others were made by fusing silica with appropriate amaante

of all.bydrouB sodium carbonate 0 Sulfuric acid and ammonium molybdate solu­

tions were kept in glass bottles and showed no contamination of silica

from the glass atter a long periodo .All the other solutions were stored



in plastic: or paraffinc=ooated glass bottlesb Silicate-free synthetit1

sea water with a chlorin1ty of 19 %0 wa~ prepared according to

Robinson and Spoor (1936)u

STANDARD Sn.ICATE SOLUTIONS

A standard silicate solution wae made by fuld.ng pure t,111ica

w~th an exce~e ot a~droua sodium carbonate ~ a platinum crueib!so
I

Tile mixture was dissolved in water j diluted to one liter and kept in
! I

a fplastic bottleo The silica content of this e..olution ,was deter!l1ined

bl the usual gravimetric method (Scott p 1939) I) Working standards were

prepared by d11uti~n of appropriate amounts of this solution to 50 mlo

volume" The s1l1comolybdate color wa s developed according to the

following proeedurso
i

COLORIMETRIC PROCEDURE

Fifty milliliters of the sample were measured into a f1sak~

2 m1~ of 10% ammonium molybdate solution end Oc>2 mlo of 18 N sul£uri~

acid were addedo After five minutes the optical density was determined

with the Beckmann spectrophotometer at a wave length ot 430 mp and e.

slit width of 0015 mmo Distilled water containing the same eonc0ntre~

tfon of reagents was used as the reference standard o Silicate 801utiona~

too conc~ntrated for colorimetric estimat10Dp Viera first diluted before

the color development<: In this case!) the reagents were added immadirltely

after the dilution in order to avoid change in available silleso



EXPERPffiNT4L

All the optical denei~ readings were obtained ~ith a model

DU Beckmann spectrophotometero fBeasurements were made with 1 cmo and

10 cmo Corex cellso

10 Validity of Beer's Law and Selection of' Wave LeMth p

The 'Validity of Beer's law in respect to sil1comolybdate lUas

examined at various wave lengthso It was found that Deer ll s law was

valid at wave lengths greater than 360 D1)10 F01" wave lengths leas thaD

360 MJI, a negative deviation was observed possibly due to the larg~

slit opening required to keep the galvanometer balancedo Although any

wave length greater than 360 DlJ1 could be used to measure the optical

deDsit1p that of 430 mp was selected as being most suitable tor the range

ot silicate concantrations involved in this r8searcho The ext1.~ct1on

coeffioient ot eil1comolybdate at this wave length was calc.l1e.ted to be

7200 10 CDlo -1 11018°10

110 Thl Estimptable Silica in Distilled Water Solutions of S~~cat!A

With Different 182018102 Bolar Ratios

A number ot solutions of silicates were prepared 1dth th@

NS20:Si02 molar ratios ranging trom 5070/l()OQ to 1000/.30780 The·

sodium oxide content was determined gravimetr1calq and acidimetri.cally

(Scott, 1939)Q The a11ica oontent was determined both color1metr1c~l1y~

b7 the previously outlined procedure, and gravimetrically (~cottJ; 1939) 0

The results are shown in Table 10

It 1s seen that all the silica in silicates with the NS20 :St02

molar ratios greater than one was in a form which could be analyzed by



TABLE I

Analysis of Silicate Solutions with Various Hs20:8102 Molar Ratios

Na20~S1~ NS20, mgflo 8102, mg/1o
%Ratio Gravo Acid 0.1 Acid Q 2 GravlIt Colore

5070/11100 2908 494 489 99~O

2.07/1000 2024 2021 19'7 9A4 9QJ 9906

1 CII 00/1..00 893 890 S4.3 868 860 99.1

lCIIOO/1.:.25 1494 l484 1408 1832 1775 9609

1000/1054 2216 219.3 1984 3.307 3020 91.,,3

1':>00/1097 105E- 1050 960 2012 1775 S8~2

10 00/203:3 720 710 629 1625 1.330 8108

1000/2078 ~ 426 .373 1142 853 74,,6

leOO/3,,13 348 34.3 28; 1055 735 69c7

1000/3Q78 223 225 192 816 494 6005

1 Methyl orange used as indicator/)

2 Phenolphthalein used as indicator 0



the colorimetric methode This is in accordance with the oonclusions

reported by previous investigators (Robinson and Kemmerer, 1930; Robinson

and Putnam, 1940) 0 It is probable that the silica in such solutions

exists as metasillcate ions, which quantitatively form the yellow silico­

molybdate complex with molybdate ions in an acidic eolutlono

From the data in Table 1 111 it can also bt.' observed that in the

silicate solutions with the N820:S102 molar ratios leas than one, only

part of the silica was available tor colorimetric determinationo With

decreasing Na20:Si02 ratio there was decreasing availability of silica J

when the ratio was 1 0 00/3078, onl1 about 60 per cent or the silica was

ava1lableo In Figure 1 the per cent availability has bee~ plot,ted

against the molar ratio and the relationship is observed to be l1nearo

These resulte are in agreement with the work of Robinson nnd KeJlmlerer

(1930)0

Further investigation ot solutions with N820aSi02 molar

ratios less than one shoved that, tor ~8ch ratio, there was a rather

definite silica concentration above which there was 8 constant percGntage

availability, and below which an increasing proportion ot the silica

became available calorimetrically with decreasing concentration of fJ:.tllca·

With sufficient dilution all the silica could be estimated by the color1o

metric methode After dilution, equilibrium was attained rather slowly

and increasing amounts of silica were obtained colorimetrically for en

appreciable period of time o Data in support ot these conclusions are

given in Tables II and 1110

In the case of solutions of the disllicate, in which the

1'1a20:5102 ratio is 1/2, all the oil1ca wes available when the silica
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TABLE II

Effect of Time After Dilution on Per Cent Availabllity of Sillaa

Time After
Dilution
(minutes)

o

6

12

22

32

45

61

o

4

9

19

4D

94

120

240

Si02, mg/lo
Gravo Color 0

100.6 88,,7

93.5

95~'

9606

9708

9900

10000

5701 4206

44.'
4600

47CJ6

4906

5202

53.3

5506

8802

9209

9409

9600

9702

9804

99~4

74~6

7709

8006

83G14

86c9

91Q4

9304

9704



::~jlBI,:tI II::.

Effec·t of Concei1tra·~:i.on 011 j?ar Gent. Avoi.lability oi' Siliol3.

I~a20:Si02 5102, mgflo %
Ratio Gravo Color

lGOO/l~71 155 152 98,,1

1 0 00/1&90 134 135 iOO G7

leOO/lc99 360 350 97@2

lqtOO/l~97 3~ 360 97 0 0

l.,47 425 95nl

50.3 472 9.308

57; 517 8999

619 5~.6 SSo2-

2012 lTI5 88s 2

1 0 00/.301.3 264,4 . 26e 4 lOO¢O

52~a 49 eO 92 0 8

10S~,5 9202 871i4

211 176 83~4

352 250 7100

422 294 69Q7

105S 735 t$·~7

lQOO/.3a78 34«·0 33C!JO 97.,;1

68eO 63 cO 92/)6

102eO 90 0 0 88(1)2

~ 204 162 79,,4

340 226 660 5

453 274 6O e,5

816 494 60 0 5



ee-ntent was leaD than 360 IDgc> PSlI liter whereas on~ 8 portion could be

uetermined above this concentration; see Table III'I) This may explain

\"1l:.jr Robinson and Putnam (1940) s:J1d Bru.jewicz and Blinov (1934) found that

[,.11 the silica in sodium dic·7"licata was avilable tar colorimetric detarco

:a:l11ation whereas Ro"b:1nscn and Ks:mnerar (1930) had notQ The 1atter investi­

gatOJ."s in their work bad used a 3ilica concentration ot 682 JDgo per liter,

utlie Robinson and Putnam used a sclut;;.on containing ow., 232 JDgo of

silica per lltel.... It is not kn:)'"m what concentration of silica was W!J8d

l>~ Ib:wujewicz and Blinovo

The exietencG of colloidal silica in the silicate solutions
, .

vith Na20:Si()..2 L10la~ ratios less than one may otfer a possible exp1aJJstion

fc~ the change in par cent a\'siliibility of silica with change in concentra-

t,j.ODt. In the more ooncentrstad solutions, part of the silica is in the

colloidal form and .tht!£1 not ~va:11able far colorimetric determiDatloDo In

c"i~ilut~ solutions, the colloidal l<Fm tE:nds to be transformed to the 101110

t;tate nhich .then call be determ1:~;3d colorimetricallY9 This explanation

ifl supported by the t'act that colloidal silica was found to remain atte.....

6ialysis of' these a:U1cate solu'~:lone ti-rough a cflllophElne-membranso The

Pl'0pc-JI·tio:i1 ot the s:Llica in the j~olloical form increases with decrease in

the !!a20:Si02 ratio) reaultiLJ ia thE) linear rslstionship observed between

tho E.vailab1lity of silica and "~le mohr rs"Gio in Figure 10

l-t ehould eleo ba nott~d ·~t in the acidimetric determination

of' sodiwn oxide in scd1-.ml eilicu'~e, meth;yl orange is 8 better indicatar

to use than phenolphthalein as J~ocommanded by Scott (1939) f,) Since at the

equivalence point s:r.licat~ o:{iSijU as silicio acid, which has a pi value
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of 9Q7 (Lange, 1949), the solution has a low pH valueo As indicated

in Table 1, if' phenolphthalein was used, the titration values tor sodium

oxide were lower than the gravimetric results, whereas satisfactory

agreement was obtained when methyl orange was usedo

11I~ The Est1metable Silica in Various Silicates in Synthetip Sea Water

Solution

Silicate solutions of ditf'erent Na20:5i02 ratios were diluted

with synthetic sea water yielding solutions with chlorinities between

170 1 and 1809 0/00 Q These solutions were analyzed calorimetrically tar

their silica contents and the results recorded in Table IV 0 For those

solutions with Na20:8102 ratios less than ODe, the colorimetric analyses

were made several days after dilution to allow tor the establishment of

equillbriumo

The data show that, f~ a given amount of silica, there is

developed a lesser color intensity of ailicomolybdate in sea water than

in distilled watero This is attributed to the etfect or the various

. salts dissolved in sea watere The ratio or the gra'rlmetric silica con­

tent to the observed colorimetric value yields a ratio which is a measure

of this salt effect and is called the salt tactor& From Table IV it is

observed that the salt factors were rather constant in value with an

average of lQ23 regardless of the ratio of Na20:Si02 in the silicate usedQ

This value is somewhat greater than the 1016 factor reported by Robinson

and Spoor (1936), but lower than the value of 1066 obtained by Brujewicz

"and Blinov (1934)0 .The salt factor of 1,,25 recently given by Saek! (1950)

is in agreement with the value reported here 0
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The salt faotor was also determined by oompgring the optical

densities ot sil1oomolybdate 01' the same concentration in both distilled

·and sea water aolut1onso This was done tar a number of concentrations

of s1lioomolybdate and the results are plotted in Figure 20 The ratio

or the slopes of the two straight lines in dlst~ed water ftnd sea water

solutions gives aD average value for the salt tactoro By 1.his method

a value ot 1 0 24 was found which 1s in very good agreement 'with the prev1=

ous~ determined tactoro

Although t1pJ salt factor reportad was obtaineci in synthetio

sea water solutions, it is applicable also to naturel sea water at: will

be shown laterc Since the dissolved salta depress 1jhe color intensity of

the e111comoJ.Tbdate B this factor should always be '~ken into account when

determiniug silica in saline solutions l}

From the results in Table IV 11 it CtllD rIa said that all soluble

silicates in sea water can be determined colorlmetrically$ even those with

Na20:S102 ratios less than oneo Colloidsl s1~1.ca probab~ has been con­

verted to the ionic torm j thus becoming available tor colorimetric detel"~

minationc It should be pointed out that colloidal silica should be CODo

verted to the ionic form even more readily·in natural sea water, because

of :1te alkaline D8ture, than in the synthetic sea watar used here Q

IV 0 'lhe Eet.table Silica in Cglloidal Silicic Acid in Distilled Water

and Sea water Med'a
Since colloidal silica was thought to enter into the estimation

of silicates with Ne20:8102 ratios less than ODe as discussed previously~

it was considered desirable to study fUrther its colorimetric 8vailabillty.o
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Colloidal silicic acid was prepared by pouring sodium silicate solution~

with ratios ranging from 1000/1097. to 1000/3018 9 into 6 N hydrochloric

a~do Electrolytes were removed by dial1sis using a parchment paper
i

sa~k immersed in constantly running tap water4:1 Dialysis was continued
I

~W a negative test tor chloride ion was obtained with silver nitrats o

It' was assumed then that only colloidal silicic acid remainedG Of
I

coprse, there was present the small amount of eleciirolytes present ae

diisOlved solids in the water. The soluble silicate in tap water .

ampunted to approximately 6 mgo per litera .After &lys18 9 about 50 to

601 ml. of! the colloidal silicic acid was diluted to one liter and stored

inl a plastic bottleo The total sUies concentration was determined by

th~ usual gravimetric method o The a1llec available colorimetrically was

no~ed over a considerable period ot time o The results of the analyses of

several samples are sh')W!1 in Table Vc

From these results it is seen that colloidal silica was not

de~ermined color1m~tricall,ybut was gradually transformed to the ionic

form upon standingo Not a11 9 but only a portion of the colloidals1llca

was converted to the ionic statso

i Samples of colloidal silicic acid 1rl synt..hetic and natural

sel water media were also prepared by dllu'hion of the colloidal silic:l.c
I
I

ac~d in distilled watero The results of perlodi~ oolorimetric analyses
I
I

I

ar, given .in Table· VIo

Colloidal silicic acid apparently lost its oolloidal form in

sea water and became entirely available calorimetricallyl) Satisfactory

agreement was obtained between the gravimetric and colori.metric results



TABLE V

Effect of Time on Per Cent Availability of Colloidal Silicic Acid
in Distilled Water Medium

Hours after Solution Si~, mg/lo
was made Gravo Color~ %

0 212 1105 5.4

27 46.3 2108

48 64 0 0 30 0 2

91 8705 4102

169 9705 46.0

338 1060 3 50 0 1

506 112.0 52.2

1153 131.0 61.8

2400 13160 61 GB

0 83.1 70 0 804

49 8"05 100 2

142 10.4 12.5

361 1309 16.7

696 17.8 2104

935 1907 23.7

1295 20.8 25.0

0 370 0 309 10.5

19 6.7 180 1

45 10.0 2700,
172 140 0 3709

478 "19.6 53.0

719 21.6 58ct4

954 22.2 60 0 0
.! 1202 22.7 61~4

...15~





,.

only when the latter were corrected tor the salt eftecto This was true

for both the synthetic snd natural see water medialJ indicating that the

previously determined salt ractor~ although obtained with synthetic S8a

water 9 is applicable equally ;vell to natural waterso

Since in bSturall3 occurring sea water i the sili08 oontent

is much smaller than used in this invest1gatioD p it may be concluded,

rather safelyp that irrespective of its original formjl all the silica

should be in the ionic etate and determineble by the colorimetric method 0

APPLICATION

Although all the conclusions discussed in this paper are based

on the results obtained with the yellol1 sll1comolybdate method of Dienert

and Wandenbulcb (1923) tor the determination of ellicaJ) they should

also be applicable to the molybdenum blue method (Carlson and Banks»

1952; Kahler, 1941) as weill) since in the latter case the yellow 811100­

molybdate is tormed before reduction to the blue colored complex which

is then measured c The work on the availsbillty of s111ca in 8ea water

should also appl1 to many lI8tural brines and similar media Q
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