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IN T R O D U C T IO N

A ll m ethods fo r th e  determ ination  of silicate in  sea w ate r depend  u pon  the 
p ro d u c tio n  of the  silicom olybdate com plex. M ethods th a t rely  on  the  d irec t m easu re­
m en t o f the  ligh t ab so rp tio n  of th is yellow substance (e.g. R ob inson  an d  T hom pson , 
J. M arine  R es . ,  7 :  49 , 1 9 4 8 ) a re  m uch less sensitive and  satisfactory  th a n  those th a t 
first b ring  ab o u t a  reduc tion  of the yellow com plex  to  a m ore  in tensely  co loured  
b lue com pound .

A  red u c tio n  by stannous ch loride (A rm strong , J. M arine Biol. Assoc .  U.K.,  
30 : 149, 1 9 5 1 ) gives the m ost sensitive techn ique b u t conditions, especially tim e 
in tervals, a re  ra th e r  critica l and  we have p referred  to  use a m etol reduction , w hich 
is less exacting . T h e  m e th o d  described h ere  is a very slight m odification  of th a t 
g iven by M ullin  an d  R iley  (Ana l .  Chim. A c ta ,  12: 162, 1 9 5 5 ) . Som e w ork  on the 
basic chem istry  of silicom olybdate fo rm ation  was ca rried  o u t by  the senior au tho r 
(S trick lan d , J. A m .  C hem . Soc., 7 4 : 862 et seq.,  1 9 5 2 ).

I t  m u s t b e  rem em bered  th a t n o t all form s of silica in  “ so lu tion” will reac t to 
give the  silicom olybdate com plex. Silicic acid  read ily  polym erises at th e  pH  of sea 
w ater and  only  s tra igh t-chain  polym ers of relatively  sho rt length will reac t w ith 
m o lybda te  a t any  appreciab le speed. P o lym ers w ith even as little as th ree o r four 
silicic ac id  un its are p robab ly  “ unreactive” under the cond itions o f the m ethod 
described below  (C how  and  R obinson , A na l.  C hem .,  25 : 646, 1953; A lexander, 
J. A m .  C hem . Soc.,  7 5 : 5655 , 1953, and  7 6 : 2094 , 1 9 5 4 ) . T o  avoid am biguity, 
the refo re , th e  te rm  “reactive silicate” is best used, it  being understood  tha t w hilst 
this quan tity  m ay n o t be so g rea t as the to ta l dissolved silicic acid it p robab ly  gives 
a m ean ingfu l m easure o f the  am ount ava ilab le to grow ing p la n t cells.

M E T H O D
A . C a p a b i l i t i e s

R ange:  0 .1 - 1 4 0  ng-a t/l i ter

1. PRE CISIO N  AT T H E  100 /j,G -A T /L IT E R  L EVEL

T h e co rrec t value lies in the range:

M ean  of n  d e term inations ±  2 .5 / /P  ^ ig -at/lite r (using  1-cm ce lls ).

2. PRE CISIO N  AT T H E  10 /xG - A T /L IT E R  L EVEL

T h e co rrec t value lies in  the  range:

M ean  of n  d eterm inations ±  0 .2 5 /« *  /xg-at/liter (using  10-cm  ce lls ).

3. L IM IT  O F  D E TEC T IO N

T h e sm allest am o u n t o f silicate th a t can  be detected  w ith  certa in ty  is abou t
0.1 /xg -at/lite r (u sin g  10-cm  ce lls).

R e ject dup lica te  de term inations if th e  ex tinction  values differ 
by: m ore  th a n  0.05 in  the ex tinction  range 0 .5 -1 .0  on  a 1-cm cell,

m ore  th a n  0 .025  in  the extinction  range 0 .1 -0 .5  on a 1-cm  cell, 
o r m ore  th a n  0 .05  in the ex tinction  range 0 .5 -1 .0  on  a 10-cm  cell.
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I f  dup licate  extinction  values differ by less than  the  above lim its, take  a  m ean  
value.

B .  O u t l i n e  o f  M e t h o d

T h e seaw ater sam ple is allow ed to  reac t w ith  m olybdate  under conditions w hich 
re su lt in  the fo rm ation  of the silicom olybdate, phosphom olybdate , and arsenom olyb- 
d a te  com plexes. A  reducing solution , con ta in ing  m etol and oxalic acid, is then added  
w hich  reduces the silicom olybdate com plex to  give a blue reduction  com pound and 
sim ultaneously  decom poses any phosphom olybdate  or arsenom olybdate, so th a t 
in te rference from  phospha te  and  arsenate  is elim inated . T h e  extinction  of the resu lt­
ing  so lu tion  is m easured  using 1- o r 10-cm  cells.

C. S p e c i a l  A p p a r a t u s  a n d  E q u i p m e n t

U se one 50-m l capacity  stoppered  g rad u a ted  glass m easuring  cylinder fo r each  
silicate determ ination . T hese cylinders should  be cleaned  initially  by filling them  
w ith  ch ro m ic-su lp h u ric  acid cleaning m ix ture . I f  a  set o f cylinders is reserved 
specifically for this determ ination  and  rinsed  w ell w ith distilled w ater before and 
a fte r each  analysis we have found  little ev idence of silica con tam ination  from  the 
glass.

T w o polyethylene w ash bo ttles, one of a t least 300-m l capacity .

D . S a m p l i n g  P r o c e d u r e  a n d  S a m p l e  S t o r a g e

Sam ples of sea w ater fo r silicate determ ina tion  should  n o t b e  sto red  in glass 
bo ttles fo r m ore than  a few m inutes p rio r to  analysis and it is best, therefore, to 
tran sfe r  sam ples directly in to  w axed glass o r in to  po lyethy lene containers. T o 
m in im ize the effect o f d ia tom  m ultip lication  sto re  sam ples in  the d ark  and fo r no  
longer th a n  a  day  p rio r to  analysis. S torage of low -p lank ton  w aters is feasible 
fo r ab o u t a  w eek if sam ples a re  k ep t cool b u t som e suspended  siliceous m atte r m ay 
dissolve an d  cause an  appreciab le e rro r  if the sto rage period  exceeds a few days. 
S to rage of sam ples frozen  to  —2 0  C  is sa tisfactory  fo r a period  of m any m onths bu t 
slightly low  results (som e 5 - 1 0 %  m ax im um ) m ay occur if sam ples have concen­
tra tio n s of reactive silicate exceeding 50  /xg-at S i/lite r , especially  w hen concen tra­
tions exceed 100 jug-at S i/lite r . T h e  analysis o f deep-w ater sam ples is best done at 
sea  as soon  as the sam ples a re  taken.

E .  S p e c i a l  R e a g e n t s

1. m o l y b d a t e  r e a g e n t  

. D issolve 4 .0  g of analy tica l reagen t quality  am m onium  param olybdate, 
(NEt.1) 0M 9 7O ;,4-4H ;,O (p re fe rab ly  finely crysta lline) in ab o u t 300 m l of distilled 
w ater. A dd  12.0 ml of co n cen tra ted  hydroch lo ric  acid ( 1 2 n , sp gr 1 .1 8 ), m ix, and 
m a k e  the  volum e to 500  m l of distilled w ater. S tore the so lu tion  in a polyethylene 
b o ttle , in w hich it is stab le for m any m onths p rovided  it is kep t o u t of d irec t sunlight. 
T h e  reagen t should  b e  d iscarded  if very m uch w hite p rec ip ita te  form s on the sides 
o f the container.
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2 . M E T O L —SU LP H IT E  SOLUTION

D issolve 6 g of anhydrous sod ium  su lphite, Na,2S 0 3, in  500  m l of d istilled w ater 
and  then  ad d  10 g of m etol (p -m ethy lam inopheno l su lp h a te ). W hen the m etol has 
d issolved filter the  solu tion  th ro u g h  a N o. 1 W hatm an  filter pap e r and  sto re  it in a 
clean  glass bo ttle  w hich is tightly  stoppered. T h is  solu tion m ay de terio ra te  quite 
rap id ly  and  erratica lly  and  shou ld  be p rep a red  fresh  a t least every m onth .

3. OXALIC ACID SOLUTION

P rep are  a sa tu ra ted  oxalic acid  so lu tion  by shaking  50  g of analytical reagent 
quality  oxalic acid d ihyd rate  ( C 0 0 H ) 2-2 H 20 ,  w ith  5C °..m l of distilled  w ater. 
D ec an t the solu tion  from  the  crysta ls fo r use. T h is so lu tie"  m?.y be s to red  in a glass 
bo ttle  and  is s tab le  indefinitely.

4. SU LPH U R IC  ACID SO LU T IO N  5 0 %  V / V

P o u r 250  m l of co ncen tra ted  (sp  gr 1 .82) analy tical reag en t quality  su lphuric 
acid in to  250  m l of distilled w ater. C ool to  room  tem p era tu re  and  m ake  the  volum e 
to  5 0 0  m l w ith a little ex tra  w ater.

5. REDUCING REAGENT

M ix 100 m l of m eto l-su lp h ite  so lu tion  w ith 60 ml of oxalic acid solu tion . A dd 
slowly, w ith m ixing, 60 m l of the 5 0 %  su lphu ric  acid so lu tion  (a b o v e )  an d  m ake 
the  m ix ture to  a  volum e of 300  m l w ith distilled w ater. T his solu tion  should  be 
p rep a red  fo r im m ediate use.

F . E x p e r i m e n t a l

p r o c e d u r e

1. Sam ple solu tions sh o u ld  be a t a tem pera tu re  betw een ab o u t 18 an d  25 C 
(N o te  a ) .  A dd  10 m l of m o ly b d a te  solu tion  to  a dry  50 -m l m easuring  cy linder fitted 
w ith  a  stopper (N o te  b ) .  P ip e tte  25 m l of the  seaw ater sam ple in to  the cylinder, 
s topper, m ix th e  solutions, an d  allow  the m ixture to  stand  fo r 10 m in (N otes c and 
d ) .

2. A dd the  reducing reagen t rap id ly  so as to  m ake the volum e exactly  50 m l 
(N o te /? )  and  m ix im m ediate ly  ( N o te e ) .

3. A llow  the  so lu tion  to  stand  fo r 2 - 3  hr (N o te  ƒ) to  com plete the  reduction  
of the silicom olybdate com plex (N o te  g ) .  If  precise values are req u ired  fo r am ounts 
of silicon below  ab o u t 12 /xg-at/lite r use a  10-cm  cell; o therw ise m easure  th e  extinc­
tion  of the so lu tion  in  a 1-cm  cell against distilled w ater. A  w avelength of 8100  À  
shou ld  be used  w ith a  spec tro p h o to m ete r (red-sensitive p h o to c e ll) . If  a filter-type 
abso rp tiom eter is used choose a  filter having a m axim um  transm ission  above 7000 
Á  (N o te  h ) .  U nless ad jacen t sam ples a re  know n to have ex tinction  values within 
ab o u t 25%  of each  o ther the  abso rp tiom eter cell should  be rinsed  w ith  each  new 
so lu tion  before filling.

4. C o rrec t the m easured  extinction  by sub trac ting  a  reagen t b lank  obtained 
w ith a 1-cm or 10-cm  cell as ap p ro p ria te  (see  Sect. G ) .  C alcu la te  the reactive silicate
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co n cen tra tio n  in  m icrogram -atom s of silicate silicon p e r  liter (^.g-at S i/l i te r )  from  
the  expression :

S i/lite r  =  co rrec ted  ex tinction  X  F

w here F  is a  fac to r fo r each  length of cell, o b ta in ed  as described  in  Section H  below. 
R e p o rt resu lts to  th ree  significant figures.

N O T E S

( a )  T h e re  is n o  p ro n o u n c e d  te m p e ra tu re  effec t  w i th  this m e th o d  b u t  sa m ple s ,  especial ly  a t  
th e  r e d u c t io n  s tage ,  s h o u ld  be  a t  a  t e m p e ra tu re  excee d in g  18 C . T e m p e ra tu r e s  exceed ing  a b o u t  
2 5 - 3 0  C  m u s t  be  av o id e d  as th is  has tens  the  d e c o m p o s i t io n  o f  the  s i l ico m o ly b d a te  com plex .

( b ) C le a n  cy l in d e rs  c a n  be d ra in ed  d ry  b e fo re  use ( less  t h a n  a b o u t  0.5 m l  w a te r  r e m a in ­
in g ) .  T h e  a m m o n i u m  m o ly b d a te - s h o u ld  be  m e a s u re d  d irec t ly  in to  th e  cy l in d e r  being  used, the 
v o lu m e  be ing  c o r r e c t  to  0.5 ml. A t  se a  this r e a g e n t  and  the  red u c in g  reagen t  a r e  conven ien t ly  
d isp e n sed  f r o m  p o ly e th y len e  w a s h  bottles.

( c )  T h e  si l ica te  a n d  m o ly b d a t e  m u s t  c o m b in e  b e fo re  th e  r ed u c in g  a g e n t  is added .  T e n  
m in u te s  is a l lo w e d  fo r  this r eac t ion .  T h e  add i t io n  o f  the  r e d u c in g  so lu t ion  m u s t  n o t  be delayed  
f o r  m o r e  t h a n  a  f u r th e r  30 m in  o r  else u n d e s i ra b le  changes  in  the  i som er ic  f o r m  o f  the  silico­
m o ly b d a te  c o m p le x  wil l  take  place.

(d ) T h e  s a m p le  is ad d e d  to  the  ac id  m o ly b d a t e  reagen t ,  r a th e r  th an  in  the  reverse  o rder ,  
so  t h a t  the  s e a  w a t e r - m o l y b d a t e  m ix tu re  is a lw a y s  above  a  c e r ta in  acidity . T h is  p reven ts  the 
poss ib le  f o r m a t i o n  o f  a n  u n d e s i ra b le  isom eric  f o rm  o f  the  s i l ico m o ly b d a te  com plex .

( e )  T h e  u se  o f  a  m e to l  r e d u c ta n t  results  in  a  less sensit ive m e th o d  th a n  is fo u n d  w h e n  
s ta n n o u s  ch lo r id e  is  u se d .  H o w e v e r ,  sensitivity is n o t  o f  p r im e  im p o r ta n c e  with  s ilicon, w h ich  is 
re la t iv e ly  a b u n d a n t  in  se a  w a te r  in  c o m p a r i s o n  w i th  an  e le m e n t  suc h  as p h o s p h o ru s ,  a n d  the 
m e to l  r e a g e n t  h a s  so m e  ad van tages .  T h is  r e a g e n t  is m o re  s tab le  t h a n  s ta n n o u s  c h lo r id e  a n d  the 
s tab il i ty  o f  th e  b lu e  c o lo u r  t h a t  it  p ro d u c e s  with  s i l icom olybd ic  acid is m u c h  g rea te r .  A s  ye l low  
p e n ta v a l e n t  m o l y b d e n u m  c o m p o u n d s  a re  n o t  p ro d u c e d  the  p r o c e d u re  fo r  es t im a t in g  the  “ b la n k ” 
c o r re c t io n  is m u c h  less c o m p l ic a te d  th a n  w h e n  s ta n n o u s  ch lo r id e  is e m p lo y e d .  Oxalic  ac id  is 
a d d e d  to  the  re d u c in g  re a g e n t  to  d e c o m p o s e  a n y  p h o sp h o -  o r  a r se n o -m o ly b d a te  fo rm e d  a long  
w i th  th e  s i l ic o m o ly b d a te  com plex .

(ƒ )  T h e  t im e  re q u i re d  f o r  full  fo rm a t io n  o f  th e  blue co '^ - i  - varies  a  l it tle  w ith  the  a m o u n t  
o f  s i l icon  be in g  d e te rm in e d .  W i th  less t h a n  a b o u t  5 0  /xg-at/l ' ' .,1  h r  is sufficient.  F o r  a m o u n ts  
ex ce e d in g  7 5 - 1 0 0  /¿g-at/ l i ter ,  h o w e v e r ,  on ly  so m e  9 0 - 9 5 %  cl . s i l ico m o ly b d a te  co m p lex  m a y  
be re d u c e d  in  6 0  m in  so  fo r  a s su ran ce  at leas t  3 h r  sh o u ld  be  al low ed . A  very  slight increase 
( 1 - 2 % )  m a y  be  re c o rd e d  in the  n e x t  1 2 -2 4  h r  b u t  the  effect  c a n  be  neglected .  S o lu t ions  arc , 
f o r  a l l  p ra c t ic a l  p u rp o ses ,  s tab le  f o r  6 hr.

(g ) T h e  d e p e n d e n c e  o f  e x t in c t io n  on  sa l in i ty  is d iscussed  in  S ec t ion  H  below.
( h )  U n le s s  the  a b s o rp t io m e te r  is sensitive to  the  n e a r  i n f ra r e d  a  m a r k e d  r e d u c t io n  in the 

sensi t iv i ty  o f  th is  m e t h o d  c a n  be  expected .  T h e  effect  is n o t  se r io u s  fo r  w ave len g th s  exceed ing  
6500  Â  b u t  a  s l igh t  d e v ia t io n  f r o m  B eer ’s law  m a y  necess i ta te  th e  u se  o f  c a l ib r a t io n  curves.

G. D e t e r m i n a t i o n  o f  B l a n k

T h e  b la n k  co rrec tion  fo r distilled w ater sto red  in  po lyethylene m ay be co n ­
sidered  neglig ib le an d  a  sa tisfacto ry  b lank  fo r the  reagents is ob ta ined  by using 
distilled  w ate r to  rep lace  the sea w ater.

C a rry  o u t the  m ethod  exactly  as described in Section F , parag rap h s 1 -3  inclu­
sive, using 25 m l of distilled  w ater in p lace of the seaw ater sam ple. T his b lank  
ex tinction  sho u ld  n o t exceed ab o u t 0.01 on a  1-cm cell o r 0.1 on a  10-cm  cell and 
should  be m easu red  for each  batch  of reagents and  checked a t w eekly intervals
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during  a  cruise. I f  10-cm  cells are used the b la n k  shou ld  b e  determ ined , in  duplicate, 
w ith  each  b a tch  of sam ples.

H . C a l i b r a t i o n

1. STANDARD SILICATE SOLUTION

D ried  sod ium  silicofluoride, N a2S iF0, con tains w ith in  a  p e r  cen t o r tw o of the 
th eo re tica l silica con ten t and form s a  very  convenien t standard . W eigh o u t 0 .960  g 
of fine pow der (deliberate ly  a slight excess over the  th eo re tica l)  crush  any lum ps 
an d  dissolve the sa lt by stirring it w ith 5 0 -1 0 0  m l of w ater in  a  p lastic  b eak er using a 
nickel spa tu la . T ra n sfe r  the so lu tion  to  a  1000-m l m easuring  flask, rinse th e  beaker 
w ell, an d  m ake the volum e to  the m ark . M ix and  tran sfe r th e  so lu tion  to  a po ly ­
ethy lene bo ttle  fo r storage. T h e  so lu tion  p icks u p  silica rap id ly  from  glass and  should  
n o t be k ep t in  the  m easuring  flask fo r m ore  th a n  a few m inutes. T h e  so lu tion  is stable 
indefinitely , w h ich  is a  g rea t advan tage over m ost stan d ard s consisting of sodium  
silicate.

1 m l s=  5 /xg-at Si

D ilu te  10 m l of this so lu tion to  500  m l w ith  syn thetic  sea w ater (see 2 be low ) .  
U se th is so lu tion  a t once fo r ca lib ra tion  purposes as its reactive silicate con ten t 
com m ences to  decrease in  a few  hours because of po lym erization .

1 m l =  0.1 /jtg-at Si
1 m l =  4 ¿/.g-at S i/lite r  in  25 m l of seaw ater sam ple

2. SY N T H ET IC  SEA W ATER

D issolve 25 g of analytical reag en t quality  sodium  ch lo ride  and  8 g of m agne­
sium  su lpha te  h ep tahyd ra te , M gSO.( -7 H 20 ,  in  each  liter of distilled w ater. T h e  w ater 
is equ ivalen t, fo r analy tical purposes, to  sea w ate r o f salinity  28%0. T his solution  is 
b es t m ade  u p  in  5- to  20-liter quan tities a t a  tim e and m u s t  be sto red  in  a  po lyethy­
lene  con tainer. T h e  silicon co n ten t o f this so lu tion  should  n o t exceed 1 o r 2 
^ g -a t/l ite r .

3 .  PR O C ED U R E

C arry  o u t th e  silicon determ ination  as described  in  Section F , above (p a ra ­
g rap h s 1 - 3 )  using 25 .0  m l of the d ilu te  silicon s ta n d a rd  in stead  of a  seaw ater 
sam ple . D ete rm ine the ex tinction  of fo u r such  stan d ard s an d  of tw o b lanks m ade 
w ith  syn the tic  sea  w ater. A  reagen t b lank  is unnecessary . M easu re  the extinction  in 
a 1-cm  cell after allow ing 3 hr fo r full co lou r developm ent (see  N o te  ƒ).

C alcu la te  the  fac to r F  (1 om) from  the  expression:

F  -  100a ™ )  E ' _ E t

w here  E a is the m ean  extinction  of the fo u r standards and  E b is the  m ean  extinction  
of the  two b lanks. T h e  value fo r F  (1 cra) should  n o t change an d  requ ires checking 
only  in frequen tly  a t th e  d iscretion  of the analyst. T h e  value  should  be very close 
to  100. If  a  10-cm  cell is used, fo r the  m ost p recise estim ate of low am ounts o f
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silicate (less th an  ab o u t 12 /¿g-at S i/ l i te r ) ,  the fac to r F  (10 cin) m ay be assum ed to  
be equal to  0.1 X F  (1 cm).

N o te :  T h e  f a c to r  F  is  a  fu n c t io n  o f  th e  sa l in i ty  o f  s e a w a te r  sam ples .  B e tw een  sa lin ities 25 
a n d  35%o the  v a r ia t io n  is less t h a n  3 %  a n d  m a y  be neg lec ted .  T h e  f a c to r  F g a t  a  sa l in i ty  S%o 
is r e la ted  to  th e  f ac to r ,  F ,  o b ta in e d  as desc r ibed  above ,  by  th e  a p p ro x im a te  fo rm u la :

F  _  F  X  ( I  +  0.003 S )
1.08

T h is  c o r re c t io n  s h o u ld  be use d  fo r  th e  m o s t  p rec ise  w o rk  w h e n  th e  sa l in i ty  varies  by  m o r e  th an  
a b o u t  10Zoo f r o m  a  v a lu e  o f  2 8 T h e  f a c to r  f o r  p u r e  w a te r  (z e ro  sa l in i ty )  is th u s  s o m e  8 %  
less t h a n  the  va lue  o b ta in e d  by th e  p re sen t  m e th o d  using  syn the tic  sea  w ate r .


