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Summary-Sorption of a high molecular weight quatemary ammonium salt, did~ylamin~thyl-~-tide- 
cylammonium iodide (DDATD) on different types of sorbents was investigated. The nature of reagent 
adsorption on silica gel was examined by spectroscopic and computer methods. The sorption of anionic 
metal complexes of cobalt, copper, zinc and manganese on silica gel modified with DDATD was studied. 
The possibility of recovery of cobalt and copper thiocyanate complexes and their further atomic 
absorption determination is shown. Modified sorbent was applied to cobalt chemilumine~n~ and 
determined in natural water and a nickel preparation (detection limit, 2 pg/l.). 

High molecular weight amines and quaternary 
ammonium salts have found wide application 
for the extraction recovery of anionic metal 
complexes. ‘J The extraction-spectra photo- 
metric dete~ination of cobalt thiocyanate 
complexes from different sources is known.*s 

Long chain quaternary ammonium salts can 
also be adsorbed on porous sorbents, silica gel 
in particular.“’ Silica gels modified in this way 
acquire anion-exchange properties and can be 
used repeatedly for anion determination. They 
possess the properties of chemically modified 
silica gels.8 

Anion exchange resins and silica gel loaded 
with high molecular weight amines and quater- 
nary ammonium salts have been used for metal 
ion preconcentration.‘-” Modified sorbents 
studied showed a lack of stability in high ionic 
strength media and lower recovery if more than 
300 ml of solution were used. 

Some tests of cobalt thiocyanate complexes 
detection using Amberlite LA- 1 (N-dodecyl- 
(trialkylmethyl)amine) impregnated paperI and 
foam c~bes’~ have been carried out. The detec- 
tion limits are 5 and 0.3 mg/l., respectively. 

In the present work we investigate the nature 
of sorption of didecylaminoethyl-@-tridecylam- 
monium iodide (DDATD) on different types of 
sorbents and the possibility of analytical appli- 

*Author to whom correspondence should be addressed. 

cation of modified silica gel to some heavy metal 
ion determination. 

Reagents 

Water was purified according to Ref. 14. 
Standard metal solutions (10-*&f) and sodium 
thiocyanate solution (4M) were prepared by 
dissolving appropriate salts. These solutions 
were acidified with HN03 and further diluted as 
required. All reagents were of analytical grade. 
4-(2-pyridylazo)Resorcinol, monosodium salt 
hydrate (PAR) (Reanal) was purified by follow- 
ing Ref. 15, 10e3it4 solution was used. Solution 
of DDATD in hexane (2 x lo-*M) was ob- 
tained from reagent containing 95% of the main 
substance.“j Silica gel (Chemapol L 40/100) was 
digested in nitric acid, washed with water and 
dried at 80°C for a day. 

Apparatus 

A spectrophotometer UV/Vis Specord M-40 
was used for s~trophotomet~~ rn~~~ents, 
a Brucker spectrometer of SXR type (working 
frequency 200 MHz) with hexamethylsilicon as 
a standard was used for PMR measurements. 
An IBM PC/AT personal computer was used 
for calculations. Atomic absorption measure- 
ments were recorded on a model Saturn atomic- 
absorption spectrometer (Severodonetsk) 
equipped with a standard burner for use with an 
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air-propane-butane flame. Standard hollow- 
cathode lamps were applied as a line source for 
all elements. 

A potentiometer model EV-74 with glass elec- 
trode was used for pH measurements. A chemi- 
luminescence photometer’7 with glass cell 
was used for the ~hemilumi~e~en~ intensity 
measurements. 

A peristaltic pump equipped with a variable- 
speed control was applied to ensure a constant 
flow of solution through the reagent phase. 

Procedures 

i~~est~~~t~o~ 5fDDATD sorption on silica gel, 
Silica gel (0.1 g) was stirred with 10 ml of 
OS-&O mM DDATD solution in hexane for 
30 min. The DDATD residue in hexane was 
controlled s~ctrophotometri~~y using the 
absorbance of ion-pair (Am),Co(NCS), .I8 The 
loaded silica gel was prepared as follows: silica 
gel (5 g) was stirred mechanically with 60 ml of 
2 x 10mtM DDATD solution in hexane for 1 fir, 
centrifuged and dried at 60°C for 2 hr. The 
loaded silica gel contained 0,24 mmol/g 
DDATD. 

Stanhrd pr~~e~~re _&or pre~o~~e~tr~i~o~~ 
Batch experiments. The sample solution 
(10-l 00 ml) containing known amount of metal 
ions (2-100 pg) was adjusted to the appropriate 
pH, placed into a 100-250 ml standard flask, 
0.4-4.0 ml of 4M NaSCN were carefully added 
and stirred mechanically with 0.2 g of the loaded 
silica gel for lo-30 min. Then sorbent was 
filtered through a dry filter paper and dried at 
room temperature. The sorption of thiocyanate 
metal complexes was controlled spectrophoto- 
metrically with PAR” (residue in water sol- 
ution) and on silica gel by solid phase 
spectrophotometry,” diffusion reffection spectra 
(cobalt) or AAS after desorption. The desorp- 
tion of metal ions was carried out with 5 ml of 
0.05M EDTA, or 5 ml of bexane: acetone (1: I) 
mixture by stirring with 0.2 g of sorbent 
for 30 min. The eluate was filtered and 
diluted to 10 mi with water or butanol, respect- 
ively. 

Dynamic experiments. The loaded silica gel 
(0.2 g) was placed into special teflon cartridge 
(length 5 mm. i.d. 8 mm). A given volume of 
aqueous sample (up to 1 I,) containing a known 
amount of metal ions (2-100 pg) was adjusted 
to a suitable pH then a suitable amount of 4M 
NaSCN was added and percolated through the 
cartridge at a flow-rate 10 ml/min by means of 
a peristaltic pump. The concentrate was dried at 

60”. The recovery of cobalt was analysed by 
diffusion reflection spectra, visually or chemilu- 
minescence after desorption with 0,05&f EDTA. 

RESULTS AND DISCUSSlION 

The sorption of DDATD was studied on 
more than 20 different types of sorbents 
(s~lli~re, Sephadex, silica gel, porapak, 
polysorb, etc.). It was found that the best were 
sorbents containing Si-OH or polyethylengly- 
cole groups-silica gel and porapak T. 

The dependence of the DDATD sorption 
value (C’) on DDATD concentration in hexane 
is represented in Fig. 1. The silica capacity for 
DDATD was 0.5 mmol/g. In the work silica gel 
containing 0.24 mmol/g of DDATD was used. 

PMR spectroscopic investigation of DDATD 
on the sorbents surface and in Ccl, was carried 
out to ascertain the nature of DDATD sorption. 
Results showed the possibility of hydrogen 
bond formation between ternary DDATD 
nitrogen and OH-groups of the sorbents. 

A computer modeling of the interaction 
between DDATD and the surface of silica gel 
was made. Geometrical optimization of all 
objects was performed with the Molecular Mod- 
eling Package version ATOM87 {Oxford Elec- 
tronic Publishing). The geometrical data 
obtained from the modeling were used for quan- 
tum chemical calculation by the CNDOIR 
method of the electron density in the amine 
molecule and on the surface of silica gel. The 
results showed that the electronic charge of 
ternary nitrogen equalled - 0.16 e- and tertiary 
nitrogen equalled zero. Charges of silicon atoms 
on the surface were in the range of 0.95-0.98 e- 
and those of oxygen and hydrogen atoms were 
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in the range of -0.38 to 0.45 e- and &12 to 
0.13 e-, respectively. These data support the 
possibility of interaction between amine and the 
surface not only by physical adso~tion but also 
from the appearance of a hydrogen bznd 
between the hydrogen atam of S&-OH group 
and ternary amine nitrogen, It was confirmed by 
sorption of DDATD on silica gel and porapak 
T and its desorption in acid medium. As a result 

o.ch o.io 0.20 I 0.40 
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Fig. 2. Effects of pH on recovery of metal complexes, Fig. 3. Effects of thiocyanztte concentration on sorption of 
DLIATD-SG (--.---), untreated silica gei (-- x --). metal complexes an DDATD-SG. CM = IO-%& pM 6. 

of hydrogen bond creation, the ternary nitrogen 
atom became tertiary with a formal positive 
charge. It led to the formation of two centers of 
coordinatjon in amine for the ~(~~S~~~*- 
anion. However, these centers were ai-Iec$ed by 
steric shielding of hydrophobic alkyl radicals. 
One of the nitrogen atoms was affected by the 
steric shielding of the silica gel surface.2D $0 the 
inte~~tion between complexes ~~~CS~~~~- 
and DDATD on the surface of silica gel was the 
result of ion associate formation, not complexa- 
tion. 

Study of metals sorption 

Sorption of thioeyanate complexes of COALS 
CF.?, Zn2+ and MnZt on loaded siliea gel was 
studied. The dependence of metal ion recovery 
on pH of solution was examined by the batch 
method (Fig. 2). All metals studied had maxi- 
mum recovery on loaded silica gel in the range 
of pH 5-7 and very low recovery on untreated 
silica gel The effect of thiocyanate concen- 
tration on the sorption of metal complexes is 
shown in Fig. 3. Optimum t~io~yanate concen- 
tration wa.s 4. W2M and metal ions concen- 
tration lW4N. 

The chelating rapacity for metal ions was 
measured by the batch method, A value of 0, f 2 
mmol/g was obtained for Cuz+, Co2+ and Zn2+ 
(Fig. 4). The recovery of these metals was 
98.8%. Manganese recovery was onIy 30% and 
nickei was not recovered. ft was shown earlieP 
that the complex (DDA~~~M~~~S~~ for 
Co’+, Cu’+, Zn2+ and Mn’+ prevailed on the 
surface under the mentioned conditions. 

The ~~~titative recovery of Co’+, Cuz+, 
Zn2+ was reached at 1 min from a 10 ml water 
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Fig. 4. The isotherms of metal thioqanate complexes 
sorption on DDATD-SG. c&To = 0.24 mmol/g, 

CNCS_=O.lM,msiol=O.l g, V,=lOml,pH6. 

sample and 20 min from a 100 ml water sample 
for the batch method. For the dynamic method 
a flow rate of 10 mljmin was sufficient to obtain 
the same results. One Iitre of water sample can 
be passed through the cartridge with 0.1-0.2 g 
of the sorbent. 

The results of cobalt, copper and zinc desorp- 
tion with EDTA and organic solvents are rep- 
resented in Table 1. The eluation degree of 
cobalt and copper was 98% and zinc only 60%. 
Thus copper and cobalt can be determined in 
the eluate by AAS and ch~miluminescen~e or 
visually on the surface [Co(NCS)J*-. Zinc may 
be analysed by AAS with electrothermal atom- 
ization on the sorbent surface. 

Table 1, Desorption of 100 pg of metal ions from 
DDATPSO 

Found (pg) X f Ax 

EDTA Hexane : acetone 
IOll (O.OSM ) (i:i) 

Cd+ 96k4 101 f 3 

$: 
99+3 100*5 
25t4 30*6 

mSO, =0.2 g, Y = 10 ml (n = 4, P =0.95, AAS 
m~sumrnen~~. 

The influence of other ions forming thio- 
cyanate complexes on cobalt and copper deter- 
mination was examined. The results obtained by 
the batch method are shown in Table 2. At the 
given concentration levels, none of the ions 
interferred with the retention of cobalt and 
copper at trace levels. Iron@I) and nickel(f1) 
did not interfere up to 0.5 mgjl. and 1 g/l., 
respectively, so the method can be used for 
cobalt and copper det~~iuation in natural 
water and nickel preparations. 

Cobalt and copper determination in model sol- 
utions 

The sotution (100 til) containing W-50 I(& of 
copper and cobalt and 50 E(g of Fe(III); 10 c(g 
of Mn(II), 100 c(g of Zn(I1) were treated by 4 ml 
of 4M NaSCN and analysed by the batch 
method. The metal ions were eluated with 5 ml 
of hexane: acetone (1: 1) mixture. The eluate was 
diluted to 10 ml with butanof and analysed by 
AAS. The results are shown in Table 3. The 
calibration graph is linear in the range of 
0.1-2 pg/ml. Calibration equations are: 
y (h, mm) = 9 f 28 x (Cu, pg), r = 0.995 and 
y (h, mm) = 1.4 + 22.1 x (Co, pg), r = 0.998. 

Method of cobalt determination in water 

The sample of natural water (1 I.) treated 
by 7 ml of concentrated nitric acid according 
to Ref. 15 was adjusted to pH 5 by NaOH. 
Then 40 ml of 4M NaSCN was added and 

Table 2. Effect of foreign ions on recovery of tong of copper(H) and cobalt(i1) from 
100 ml of solution 

Foreign 
ion 

Fe’+ 

zn** 
F&Z’ 
Ni2* 

Recovery (%) Recovery (%) 
Added Foreign Added 

(jig? mg*) Co7+ &u** ion (Kg* mg*j Co’f CL+ 

25 98.7 98.7 loo 98.8 
50 98.5 98.9 

2:: 
10 - 98.8 

98.2 98.4 SO - 98.7 1: 
98.8 98.9 *Na+ 0.23 98.7 98.6 
98.9 98.8 *Ca*+ 0.40 98.8 98.8 
98.7 98.7 *Mg’+ 0.24 98.9 98.7 
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Table 3. The results of AAS dete~inat~on 
of cobalt and copper in model sohnions 
containing (&ml): Fe, 0.5; Zn, 1.0; 

Mn. 0.1 

Added Found 
IOU &me ~~~#~~ s, 

CiP 0.25 0.24 0.50 0.51 :: 
COs+ 0.25 0.23 0:as 

0.50 0.52 0.03 

N=4, P=0.9J. 
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