
CHAPER n i

EXPERIMENTAL

3.1 Chemicals and Instruments

3.1.1 Chemicals and Materials
1. F e (N 0 3 ) 3 .9 H 2 0 : M erck , A nalytical grade

2. titr iso lN a O H : 5 .0  m oldm '3 ,M erck

3. t itr iso lN a O H : 0 . 1  m oldm '3 ,M erck

4. t itr iso lH N 0 3 : 0 . 1  m oldm '3 ,M erck

5. C u (N 0 3 )2 .3H 20 : M erck, A nalytical grade

6 . Z n (N 0 3 ) 2 .6 H 2 0 : Baker, A nalytical grade

7. N a 2 ร 0 4 (anhydrous) : M erck, A nalytica l grade

8 . N a N 0 3 (anhydrous) : M erck, A nalytica l grade

9. D egassed  D ou b ly  D istilled  W ater (d d d w )

10. N itrogen  gas : 99 .99%

3.1.2 Instruments
1. M ettler T o led o  D L  55 Titrator

2. Therm ostat bath

3. M etrohm  744  pH  meter
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3.2 Preparation of Solutions

1 0.500, 0.100, 0,010, 0.005, and 0.001 M NaNCh solutions. Accurate

am ounts o f  N a N 0 3 w ere d isso lved  in dddw.

2. 0.010 M CufNCM? solutions. 0 .2 5 0 ± 0 .0 0 1  g  o f  C u (N 0 3 )2 .3H 20  

w ere d isso lved  in 0 .5 0 0 , 0 .1 0 0 , 0 .0 1 0 , 0 .0 0 5 , and 0.001 M  N a N 0 3 solutions.

3. 0.010 M ZnfNOi)? solutions. 0 .2 9 5 ± 0 .0 0 1  g  o f  Z n (N 0 3 ) 2 .6H 20  w ere  

d isso lved  in 0 .5 0 0 , 0 .1 0 0 , 0 .0 1 0 , 0 .0 0 5 , and 0.001 M  N a N 0 3 solutions.

4 Stock solution of 0.1 M HNQ3 1 L o f  0.1 M  H N 0 3 solution w as  

m ade from  accurate vo lu m e o f  titrisol H N 0 3 solution  in dddw.

5. 0.01 M HNQ3 solutions. Stock solution  o f  0.1 M  H N 0 3 w ere

diluted vo lu m etrically  to  g iv e  0.01 M  H N 0 3 in 0 .5 0 0 , 0 .1 0 0 , 0 .0 1 0 , 0 .0 0 5 ,and 0.001 M  

N a N 0 3 solutions.

6  2.5 M NaOH solutions. A ccurate vo lu m e o f  titrisol 5 .0  M NaO H  

w ere diluted in dddw.

7 Stock solutions of 0.1 M NaOH 1 L o f  0.1 M  N aO H  w as made 

from  accurate vo lu m e o f  titrisol N aO H  solution  in dddw.

8  0.01 M NaOH solutions. Stock solution  o f  0.1 M N aO H  w ere  

diluted vo lu m etrically  to  g iv e  0.01 M N aO H  in 0 .5 0 0 , 0 .1 0 0 , 0 .0 1 0 , 0 .0 0 5 , and 0.001  

M N a N 0 3 solutions.

9. 0.01 M Na?SOj solutions. 0.071 ± 0 . 0 0 1  g  o f  N a 2 S 0 4  w ere d issolved

in 0 .5 0 0 , 0 .1 0 0 , 0 .0 1 0 , 0 .0 0 5 , and 0.001 M  N a N 0 3 solutions.



28

3.3 Synthesis and Characterization of Goethite

G oeth ite w as synthesized  according to  A tk in son ’ร m ethod [31] by  

adding 4 0 0 .0  cm 3 o f  2 .5  M  N aO H  drop w isely  to  approxim ate 100g  o f  F e(N Û 3 ) 3  9 H 2 O 

in 1.65 L o f  degassed  doubly  d istilled  water. The ye llow ish -b row n  precipitate w as 

in itia lly  form ed at pH  about 12. T he suspension  w as then heated(aged) for 24  hrs at 

60  °c. The goeth ite  suspension  w as w ashed  several tim es until the pH  w as about 7-8 to  

rem ove e x c e ss  N a T, N O 3 ', and OH'. The suspension  w as stored in a polyeth ylen e bottle  

under nitrogen atm osphere.

The prepared goeth ite  w as structurally characterized by X -ray pow der  

diffraction technique and the surface area determ ined by the B E T  nitrogen adsorption  

m ethod (A ppendix  A).

The total concentration o f  active  sites on the surface o f  goethite,

[sF eO H  ]tot , w as determ ined by adding an e x cess  o f  0.01 M  H N O 3 into 5 .00 cm 3 o f  

goeth ite  suspension  in 2 5 .0 0  cm 3 * o f  0 .1 0  M NaNC>3 until the initial pH w as 2 .5 . The 

titration w a s then carried out w ith 0.01 M N aO H  w ithin the pH range o f  2 .5 -3 .0  

w hereby the goeth ite  surface w as assum ed to  be com p letely  protonated. In this range, 

the [=FeO H  ]tot w as calcu lated  by subtracting free proton concentration (at the 

equivalent point) from the total concentration o f  proton in itially  added.

* Stan d ard  B -g ra d e  2 5 -c m 3 bu lb  p ip e tte  w ith  to le r a n c e  o f  a b o u t ±  0 .0 6  cm 3 w a s  u sed
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3.4 Determination of Dried weight per Volume of Goethite Suspensions

G oeth ite su sp en sion s o f  1.00, 2 .00 , 3 .00 , and 5 .00  cm 3 w ere pipeted* 

into each o f  the 8  prev iously  w eigh ed  50 cm 3 E rlenm eyer flasks. T hey w ere then heated  

at 110 °c for 6  hrs, after w hich  the dried material w ere rew eighed . The sam e procedure 

w as repeated to  obtain the second set o f  w eights. C om bining th ese  sets o f  data, the  

average dried w eigh t per vo lu m e o f  goeth ite  suspension  w as obtained.

3.5 Potentiometric Titrations

The potentiom etric titrations w ere perform ed w ith  the M ettler T oledo  

D L  55 autom atic titrator using M ettler g lass calom el pH  electrode. The reaction  

v e sse ls  w ere  therm ostated at 25.0 ±0.1 °c. The titration procedure w as the EQ P m ode  

(eq u iva len t point titration) and the 0.01 M N aO H  solution w as used as a titrant. The 

criteria for potential m easurem ent w ere appropriately set. The titrations w ere studied  

w ithin the pH range 3 .5 to 9 .5 . The ratios o f  total concentrations o f  goeth ite  /  H , 

g o eth ite / H' /  Cu2 ( Zn2+), and goeth ite /  H / Cu2 t(Z n2')/ SO 4 2’ =  1. The data o f  

potential vs. vo lu m e o f  titrant (61 data points) and the titration curve ( E -V  curve ) 

w ere obtained. The exam ple o f  titration curves for each system  w as show n in 

A ppendix  B.

* Standard B-grade 1-cm3 and 5-cnr3 bulb pipettes with tolerance o f  about ± 0.01 cm3 were 

used. The 2-cm 3 and 3-cm 3 samples were made by twice and three-time deliveries o f  1 cm3o f

die suspension.
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3.5.1 Calibration of Electrode

Thirty cm 3 o f  0 .5 0 0  M  NaNC >3 and 2 .0 0  cm 3 o f  0.01 M  H N O 3 

w ere p ipeted into the reaction vesse l. The criteria for the titration procedure and the 

potential m easurem ent w ere  set as : *AE — 0 .10  m V , At =  30  ร, tmin= 30  ร, tmax =  60  ร, A 

V  =  0 .0 8  cm 3 ,a n d v =  4 .0  cm 3 T he sam e procedures w ere repeated in 0 .1 ,0 .0 1 ,0 .0 0 5  and 

0 . 0 0 1  M N a N 0 3.

(* AE =  the m easured potential change w ithin a defined tim e At. At =  the w ait up tim e 

to the next increm ental titrant addition, a lso  depends on the m inim um  tim e (tmin) and 

m axim um  tim e (tmax). tmin =  the earliest tim e a term ination can take p lace, it depends  

on the m inim un consum ption  o f  titrant w ithin the defined  tim e range, tmax =  the latest 

tim e that a term ination can take place. A V  =  a constant vo lu m e increm ent for the  

addition. V  =  the m axim um  vo lu m e o f  titrant added in the v e sse l.)

3.5.2 The System of Goethite(sFeOH)-H+

T w en ty -fiv e  cm 3 o f  0 .5 0 0  M NaNC>3 , 5 .00  cm 3 o f  goeth ite  

su sp en sion  and 1.00 cm 3 o f  0 .01 M  H N O 3 w ere pipeted into the reaction v esse l. 

N itrogen  gas w as passed through the solution  about 10 m inute prior to the titration. The  

so lu tion  system  w as a llow ed  to  attain equilibrium  for 3 hrs in the therm ostat bath until 

a drift in the reading potential w as sm aller than 0 .6  m V /hr b efore starting the titration. 

T he criteria for potential m easurem ent w ere set as: AE = 0 .02  m V , At =  120 ร,tmin= 

120 ร, tmax=  3 0 0  ร , A V  =  0 .0 9  cm 3, and v=  4 .5  cm 3. T he titrations w ere carried out
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w ith  additions o f  0.01 M  N aO H  solution. The sam e procedures w ere repeated in 

0 .1 0 0 ,0 .0 1 0 ,0 .0 0 5  and 0 . 0 0 1  M N a N 0 3.

3.5.3 The System of Goethite(sFeOH) -H+-Cu2+ and 

Goethite(sFeOH) -H+-Zn2+

T w en ty -fiv e  cm 3 o f  0.500 M  N a N 0 3, 5.00 cm 3 o f  goeth ite  

suspension , 1 .0 0 cm 3 o f  0.01 M  H N 0 3. and 1.00 cm 3 o f  0.01 M  C u (N 0 3 ) 2  or Z n (N 0 3 ) 2  

w ere p ipeted  into the reaction v esse l. The titrations w ere perform ed in the sam e 

m anner as in section  3 .5 .2  except for the fo llo w in g  values for the criteria : tmax =480 ร., 
A V  =  0.075 cm 3, and v =  4.5 cm 3.

3.5.4 The System of Goethite(sFeOH)-H+-Cu2+-S 0 42 and
Goethite(sFeOH) -H+-Zn2+ -S 0 42

T he procedure w as the sam e as in section  3 .5 .3  but w ith 1.00 cm 3

o f  0.01 M  N a 2 S 0 4  added into the reaction vessel.
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