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The complexes of trivalent gallium, indium and thallium with trioctylamine (TOA, R3N ) and 
trioctylmethylammonium chloride (TOMAC, R3R'NCI ) were prepared by drying in vacuo the 
organic extracts from aqueous solutions containing the chlorides of their metals with TOA and 
TOMAC in benzene: R3NHGaCI 4, (R3NH)2InCIs, RaNHTICI4, R3R'NGaCI 4, R3R'NInCI 4 
and RaRq'ICI 4. The prepared complexes were examined by TG and DTA under an atmosphere 
of nitrogen, and the products of their thermal decompositions, such as volatile matter and 
residues, were examined by gas chromatography, X-ay diffraction study and infrared 
spectrophotometry. It was found that the complexes of these trivalent metals with TOA and 
TOMAC decompose thermally to the chlorides (GaCI3, lnCl 3 and TICI) through the cracking of 
alkyl groups. 

In order to obtain further information concerning the compositions of the 
complexes isolated from the organic solutions in the solvent extraction of metals 
with long-chain aliphatic amines, studies have been made on the thermal 
decomposition of such complexes of the chloro complexes of copper(II) [1], 
zirconium(IV) [2], vanadium(IV) [3] and uranium(VI) [4] in air, and of divalent 
manganese, cobalt, copper and zinc [5] and vanadium [6] under an atmosphere of 
nitrogen. The present paper extends this work to an examination of the thermal 
behaviour of chloro complexes of trivalent gallium, indium and thallium with 
trioctylamine (TOA, R a N  ) and trioctylmethylammonium chloride (TOMAC, 
R 3 R ' N C I  ) under an atmosphere of nitrogen. 

* Paper presented at the 1985 World Conference on Thermal Analysis, Bad Hofgastein, Austria. 
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Experimental 

Chemicals 

TOA and TOMAC of high purity (both > 99%, Koei Chemical Co. Ltd., Osaka) 
were used without further purification, diluted with benzene. Aqueous solutions of  
indium(Ill) and thallium(Ill) were prepared by dissolving trivalent indium and 
thallium chlorides, InCl 3 and T1CI3, while that of  gallium(III) was prepared by 
dissolving gallium metal (99.9999%, Swiss Aluminium Ltd., Switzerland) in 
hydrochloric acid solution. All chemicals used were of analytical reagent grade. 

Preparation of complexes 

On the basis of the distribution results [7], the organic solutions saturated with 
trivalent metals were prepared as follows: 0.05 mol din-3 TOA (or 0.05 tool dm-3  
TOMAC) in benzene was shaken for 15 rain with an aqueous solution containing 
0.085 tool dm -3 GaC13 in 5 mol dm -3 HC1, 0.226 mol dm -3 InCl3 in 6 mol dm -3 
HCI (or 5 mol dm-  3 HCI for TOMAC) or 0.048 tool d m -  3 TICI3 in 0.1 mol din-  3 

HCI (or 0.01 mol dm - 3 HC1 for TOMAC) at 20~ the organic phase was centrifuged 
and dried in vacuo. The organic extracts so obtained contained the 
extractant/chloride/metal in the molar ratios, indicating the stoichiometries to be 
R3NHGaCI4, (R3NH)2InC15, R3NHTICI4, R3R'NGaC14, RaR'NInCI 4 and 
RaR'NT1C14 (Table 1). 

Table I Molar ratios of [R3N] or [R3R'N]/IC1]/[M]/[H20] in trivalent metal- 
saturated organic solutions from solvent extraction with TOA and TOMAC 

Molar ratio 
Metal 

[R 3N] / [CI] / [M]/[H 20] [R 3 R'N]/[CI]/[M]/[H 20] 

Ga(lll) 1.1/4.2/I.0/0.1 1.2/4.1/1.0/0.2 
In(Ill) 2.1/4.9/1.0/0. I 1.0/4.0/1.0/0.1 
TI(III) 1.0/4.2/1.0/-- 1.0/4.1/1.0/-- 

Analysis 

The complexes were examined by thermogravimetry (TG) and differential 
thermal analysis (DTA), and the products of their thermal decompositions such as 
volatile matter and residues, were checked by gas chromatography, X-ray 
diffration study and infrared spectroscopy [6]. The TG  and DTA were performed 
under an atmosphere of nitrogen at a heating rate of  5 deg min - 1 and a flow rate of 
nitrogen of  50 ml min - 1 with alumel-chromel thermocouples, using 40 mg of the 
sample and or-alumina as reference material for the measurement of differential 
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thermal electromotive force. The residues were derived from the complexes by 
heating to the required temperatures at a rate of 5 deg min-1 under the same 
atmosphere. Infrared spectra were recorded on Japan Spectroscopic Co. Ltd. 
Model IRA-1 (400(050 cm - 1) and IR-F (700-200 cm - 1 ) grating spectrometers. 
X-ray powder diffraction diagrams were obtained on a Geigerflex recording X-ray 
diffractometer with filtered copper radiation. The volatile matter generated during 
the DTA was collected with a 2 ml syringe at the gas outlet of the DTA apparatus 
and analysed with a Shimazu Model GC-6AMPTF gas chromatograph. Each 
component detected was identified by gas chromatography-mass spectrometry 
(GC-MS). Hydrogen chloride in the volatile matter was trapped in 0.05 mol dm- 3 
silver nitrate solution in an interval of 10 degrees at a temperature between 200 and 
350 ~ by passing it through the solution for 3 min. For chemical analysis, the 
resulting materials were dissolved in benzene, and the chloride concentration and 
water content in proportions of the solution were determined by Volhard and Karl 
Fischer titrations. Additionally, the benzene solutions were washed with 1 mol 

dm -3 nitric acid (1 mol dm-a sodium carbonate in the extraction of thallium(Ill)), 
and the metals in the acidic layers were then titrated with EDTA with xylenol 
orange as indicator [8]. 

Results and discussion 

The TG and DTA curves of the trivalent gallium, indium and thallium complexes 
with TOA and TOMAC are shown in Figs 1-2. For the complexes with TOA, the 

;s tO0 

so 
o 

60 
.~, 

40 

20 

20 

0 

20 

0 

In 

/ 
I I } 1  1 1 1 

lO0 ZOO 300 400 500 600 
Temperature,~ 

Exo 
t 
I 

Endo 

1 I I I l I 

Temperature ,~ 

Fig. 1 TG (a) and DTA (b) curves of trivalent metal complexes with TOA 
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Fig. 2 TG (a) and DTA (b) curves of  trivalent metal complexes with T O M A C  

TG curves exhibit weight losses of 92.7% at 410 ~ for gallium, 89.0% at 440 ~ for 
indium, and 58.4% at 300-440 ~ and 92.2% at 585 ~ for thallium, while the DTA 
curves of the complexes reveal endothermic reactions at 270 and 400 ~ for gallium, 
270, 310, 400 and 440 ~ for indium and 255, 270, 310 and 425 ~ for thallium. The 
complexes with TOMAC exhibit losses of 93.2% at 400 ~ for gallium, 92.0% at 470 ~ 
for indium, and 54.3% at 300-430 ~ and 86.4% at 580 ~ for thallium in the TG 
curves, and endotherms at 270, 400 and 410 ~ for gallium, 290, 350 and 440 ~ for 
indium and 255, 265, 300 and 425 ~ for thallium in the DTA curves. In Figs 1-2 it is 
observed that the endothermic reactions in the DTA curves occur at points near the 
change of shape in the TG curve. Additionally, it is presumed that the thermal 
stabilities of the complexes with TOA resemble those of the complexes with 
TOMAC. 

The volatile matter generated in the thermal decomposition of the trivalent 
gallium, indium and thallium complexes with TOA and TOMAC contains aliphatic 
compounds such as allene, ethylene, ethane, propane, 1-butene, 2-butenc and 
methyl chloride, identified by GC-MS, and hydrogen chloride, trapped in silver 
nitrate solution. Some representative gas chromatographic data are illustrated in 
Tables 2-7, where the relative peak heights in the gas chromatogram for some of the 
components are indicated as a function of the heating temperature. The variation of 
the molar ratios, [CI]/[M], where M = Ga, In and T1, in the residues derived from 
the complexes with TOA and TOMAC by heating to the stated temperatures, is 
given in Table 8. The molar ratios are 3:1 for gallium and indium, and 1:1 for 
thallium at 350 ~ . It is postulated, therefore, that the studied metal complexes with 
TOA and TOMAC decompose into the metal chloride, MCI3, except that the 
thallium complexes decompose to MCi. These facts are supported by the X-ray 
diffraction results shown in Table 9 and Figs 3-4, where the diagrams for the 
complexes with TOA are indicated as representative data, since their patterns are 
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Table 2 Relative peak heights of some components in the gas chromatogram of the chloro complex of 
gallium(Ill) with TOA as a function of heating temperature 

Temp., Relative peak height*,mm 

'~C 
C3H4 C2H4 C2H6 C3H6 CHaCI I -C4Hs** 2-C4H8"* 

200 4 
225 
250 10 2 I 
275 8 2 
300 8 3 4 
325 15 I0 4 3 8 I1 23 
350 14 6 9 9 17 6 5 
375 12 12 4 60 64 42 20 
400 102 352 210 1540 62 950 540 
425 26 46 54 142 12 73 50 
450 15 33 30 54 5 21 5 
475 20 71 45 62 6 25 4 
500 24 100 54 75 33 5 

* Sensitivity range 4 x 103 ttV 

** 1 - or 2 - C 4 H  8 denotes 1- or 2-butene. 

Table 3 Relative peak heights of some components in the gas chromatogram of the chloro complex of 
indium(Ill) with TOA as a function of heating temperature 

Temp., Relative peak height*, mm 

~ 
C3H4 C2H4 C2H6 Call6 CHaCI 1 -C4H8 '*  2 -  C4H~** 

200 
225 2 
250 1 2 5 
275 7 5 4 
300 3 2 4 16 
325 38 I I1 14 
350 53 5 2 22 20 
375 37 16 3 45 35 
400 170 23 5 81 34 
425 105 56 180 27 
450 10 20 3 69 5 
475 17 8 2 22 
500 15 5 1 7 

5 
2 
3 

13 
40 
22 
16 
10 

23 
28 
7 

13 
7 

* Sensitivity range 4 x 103 laV 

** 1 - or 2 -C4Hs  denotes I- or 2-butene. 
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TaMe 4 Relative peak heights of  some components  in the gas chromatogram of the chloro complex of  

thallium(Ill) with TOA as a function of  heating temperature 

Temp.,  Relative peak height*, mm 

~ 
C3H4 C2H4 C2H6 CBH 6 CH3C1 1 - C 4 H ~ * *  2 -  C4H8"* 

200 13 2 2 4 2 l I 

225 18 10 9 14 I 47 7 

250 26 5 5 10 3 4 4 

275 31 12 35 47 6 17 18 

300 18 4 12 13 9 13 

325 35 3 3 I 1 2 2 

350 6 3 4 2 2 3 

375 3 1 1 3 

400 15 3 I I 6 

425 28 2 4 6 4 

450 I0 I l 
475 13 1 I 1 

500 7 1 

* Sensitivity range 4 x 103 laV 
** I - or 2 - C 4 H s  denotes 1- or 2-butene. 

TiMe 5 Relative peak heights of  some components  in the gas chromatogram of  the chloro complex of  
gallium(Ill) with T O M A C  as a function of  heating temperature 

Temp.,  Relative peak height*, mm 

Call4 C2H4 C2H 6 C3H6 CH3C1 I - C 4 H a * *  2 -  C,tHs** 

200 

225 3 I 

250 3 5 2 

275 8 1 I 4 

300 16 3 3 6 32 

325 15 6 5 3 114 

350 10 5 4 2 95 
375 9 9 5 13 124 
400 II 20 9 134 79 
425 152 400 400 i100 280 

450 28 56 46 113 82 
475 5 9 7 21 9 
500 4 3 3 8 7 

6 6 

97 36 
512 290 

27 57 

8 1 

* Sensitivity range 4 x 10 a pV 
** 1 - or 2 - C 4 H  8 denotes 1- or 2-butene. 
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Table 6 Relative peak heights o f  some components  in the gas chromatogram of  the chloro complex of  

indium(Ill)  with T O M A C  as a funclion o f  heating temperature 

Temp., Relative peak height*, mm 

~ 
C3Ha C2H4 C2H6 C3H6 CHBCI I - C 4 H s * *  2 -  C4Hs** 

200 

225 

250 7 

275 7 3 I1 I 

300 6 2 7 

325 12 7 5 2 "220 

350 66 59 25 50 220 16 

375 136 36 54 75 95 50 

400 173 98 79 152 8 51 

425 35 22 18 14 2 15 

450 25 44 21 19 1 13 

475 22 17 II 29 4 

500 21 23 7 14 1 

19 

30 

55 

22 

6 

7 

6 

* Sensitivity range 4 • 103 ~tV 

** 1 - or 2 - C 4 H s  denotes I- or 2-butene. 

Table 7 Relative peak heights of  some components  in the gas chromatogram of  the chloro complex of  

thallium(Ill) with T O M A C  as a function o f  heating temperature 

Temp.,  Relative peak height*, mm 

~ 
C3Hn. C2H 4 C2H 6 C3H 6 CH3C1 1 -C4HB** 2 -  C4H8"* 

200 

225 

250 7 3 2 

275 1 1 
300 20 1 1 

325 15 2 1 
350 11 1 

375 13 4 5 

400 13 2 2 
425 16 6 7 

450 25 15 30 
475 15 4 6 

500 14 3 4 

5 

14 

9800 2 2 
I 4480 

1 35 

2 3 6 

1 I 

5 3 4 4 

2 2 
5 3 2 

37 I1 11 
9 9 5 

6 3 3 

* Sensitivity range 4 x 10 a I.tV 

** 1 - or  2 - C 4 H a  denotes 1- or 2-butene. 
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Table 8 Variation bf molar ratios, [CI]/[M]*, in the residues derived from trivalent metal complexes 
with TOA and T O M A C  by heating to the stated temperature 

Molar ratio [CI]/[M] 

Temp.,  G a ( I l l )  In ( I l l )  TI(III)  

T O A  T O M A C  T O A  T O M A C  T O A  T O M A C  

1 ~  4.4 4.1 4.7 3.9 4.1 4.3 

2 ~  - -  - -  4.6 3.8 4.1 4.2 

250 3.7 3.9 3.9 3.8 2.2 2.8 

3 ~  - -  - -  3.3 3.5 1.4 1.2 

350 3.2 2.9 3.1 3.2 1.1 1.2 

400 - -  - -  2.8 2.9 1.1 1.0 

* M =Ga,  In or TI. 

Table  9 X-ray diffraction results for the residues derived from trivalent metal complexes with TOA and 
T O M A C  by heating to the stated temperature 

Phase detected 

Temp. ,  
G a ( l l I )  In ( I l l )  TI(III)  

~ 

TOA T O M A C  T O A  T O M A C  T O A  T O M A C  

200 - - - -  A m  A m  TICI TICI 

250 Am A m  A m  A m  TIC1 TICI 

300 - -  - A m  A m  T1CI TICI 

350 A m  A m  Am A m  TICI TICI 

400 - - -  A m  A m  A m  A m  

450 - - -  A m  Am A m  A m  

* Am represents amorphous type. 

analogous to those for the complexes with TOMAC. The X-ray results indicate that 
the residues produced by heating the complexes of gallium and indium with TOA 
and TOMAC are amorphous, independently of  the heating temperature, while 
those of thallium exhibit the pattern arising from reduction to thallium(I) chloride 
at 200 ~ , although this pattern disappears on heating at 400 ~ . Thus, it is seen that the 
amount of components detected above 250 ~ increases on increase of  the 
temperature, in accordance with the weight loss in the TG curve, and the maximum 
amounts of their volatile matter correspond to the endotherms in the DTA curves. 
On the other hand, it is found that hydrogen chloride evolved from the complexes 
with TOA is detected above 200 ~ (before detection of  the organic components) and 
its maximum amount is obtained at about 250 ~ , as in the thermal decomposition of  
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Fig. 3 X-ray diffraction diagrams of the residues derived from trivalcnt gallium and indium complexes 
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Fig. 4 X-ray diffraction diagrams of the residues derived from thallium(Ill) complex with TOA by 
heating to the stated temperatures (numbers on curves are heating temperatures, ~ 

divalent metal complexes [5]. It is therefore inferred that the thermal decomposition 
is initiated by the release of hydrogen chloride, followed by the decomposition of 
TOA. This implies that in the DTA curves, the endotherms at 270, 270 and 
255-270 ~ for the trivalent gallium, indium and thallium complexes, respectively, are 
to be assigned to the release of hydrogen chloride accompanied by the 
decomposition of TOA. The TG curves reveal weight losses corresponding to the 
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theoretical values for the thermal reactions of the complexes oftrivalent metals with 
TOA: 

(RaNH),MCI a +, ~ [nR3N...  MC13] +nHCI 

where n = 1 and 2 for gallium and indium, while for the thallium complex: 

R3NHTICI ~ --, [RAN... TICI] + HCI + 3/2CI 2 

The volatile matter from the complexes with TOMAC contains the same organic 
components as that from the complexes with TOA, although the former complexes 
contain much more methyl chloride than the latter complexes. In contrast, the 
thermal decomposition ofvanadyl complexes with TOA and TOMAC indicates the 
release of methyl alcohol and methyl chloride, ascribed to the presence of 
hydrolysed species [6]. In Tables 5-7, it is apparent that the distribution of methyl 
chloride is different from that of hydrocarbons: The maximum amount of methyl 
chloride is detected at 325-375 ~ (250-275 ~ for the thallium complex), and that of 
hydrocarbons at 400-425 ~ . These components are generated largely at the 
beginning of the thermal decomposition, implying that the decomposition of the 
complexes with TOMAC releases methyl chloride at first. From this it is deduced 
that the endotherms at lower temperatures in the DTA curves for the complexes 
correspond to the distribution of methyl chloride and hydrocarbons. The 
endotherms at 270 and 380 ~ for gallium, 290 and 350 ~ for indium and 255 and 265 ~ 
for thallium are assigned to dechlorination, due to the evolution of methyl chloride 
and/or cracking (Table 8). 

The infrared spectra of the complexes of the trivalent metals with TOA (Figs 5-6) 
show the following absorptions: C- -H stretching bands at 2920 and 2860 cm-1; 
CH3 degenerate (and CH 2 scissoring) and symmetrical bonding modes at 1465 and 
1380 era-1, attributed to the presence of TOA; the NH + stretching vibration at 
2350 cm- 1 in TOA hydrochloride shifts to broad bands centered around 3110, 2600 
and 2800 cm-1 for gallium, indium and thallium, respectively; and the M ~ I  
stretching vibations appear at 380, 330 and 290 cm-1 for gallium, indium and 
thallium, respectively, confirming the formation of the chloro complex. When the 
gallium complex is heated at 350 ~ the spectrum retains a pattern similar to that of 
the starting material, although the Ga--CI stretching band becomes slightly 
broadened. At 400 ~ however, there is no indication of characteristic absorptions, 
because the gallium compound is thermally dissociated. For the indium complex, 
the NH + stretching band shifts to higher frequency, at 3040 cm- 1, as a shoulder, on 
heating at 250 ~ and disappears at 350 ~ On heating of the thallium complex, the 
NH + stretching band shifts to higher frequency, at 3225 cm -x, at 200 ~ and 
disappears at 250 ~ Simultaneously, the bands due to alkyl groups and the TI--CI 
stretching band decrease in intensity. In contrast, the complexes with TOMAC 
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Fig. 7 Infrared spectra in the region of lower frequency of the residues derived from trivalent metal 
complexes with TOMAC by heating to the stated temperatures (numbers on curves are heating 
temperatures, ~ 

(Fig.  7) give infrared spectra  s imilar  to those o f  the complexes  with T O A ,  except  for 

the absence o f  the N H  * s t re tching bands .  However ,  since the shapes o f  the M---CI  

s tretching bands  are more  symmetr ic  than  those for the T O A  complexes,  it is 

inferred that  the symmet ry  o f  the la t ter  complexes  is lower than tha t  o f  the former.  

The  changes in the infrared spect ra  o f  the residues der ived f rom the thermal ly  

decomposed  T O M A C  complexes  are  a lmos t  the same as those in the case o f  the 

Table I0 Probable assignment of the endothermic reactions in the DTA curves of trivalent metal 
complexes with TOA and TOMAC 

Temp., '~C 

Probable 
Ga(lll) In(Ill) TI(III) assignment 

TOA TOMAC TOA TOMAC TOA TOMAC 

255 
release of HCI 

270 270 270 
270 290 255 / release of CH3CI 

350 265 J' and cracking 
310 310 300 

400* ~)~: 400 400 } cracking 

440 440 425 425 sublimation 

*The reaction in cracking overlaps in thermal dissociation. 
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TOA complexes. Thus, it is considered that the thermal stabilities of these 

complexes follow the sequence Ga > In > TI. 
Hence, the endothermic reactions observed in the DTA curves are interpreted as 

given in Table 10. It is concluded that the thermal decompositions of  the complexes 
of  trivalent metals with TOA and TOMAC proceed in the following sequences: for 
the complexes with TOA: 

270 ̀~ 300-400 ~ 
R3NHGaCi4 - H C I  ~ GaCI3 + A '  cracking 

GaCI 3 (thermal dissociation at ~ 400 ~ 

(R3NH)2InC15 270~ �9 InC13+A' 300-400~ 
cracking 

InCl 3 (sublimation at > 440 ~ 

255-270 ~ ~ 300 ~ 
R3NHTICI4 " " cracking reduction and - HCI ~ T1C1 + A' 

TICI (sublimation at 425 ~ 

where A' denotes the product of  thermal decomposition; for the complexes with 
TOMAC: 

270 ~ 300-400 ~ 
RaR'NGaC14 , GaCi 3 + A '  

-CH3Ci and cracking cracking 

GaCI 3 (thermal dissociation at ~ 400 ~ 

290-350 ~ 30(0400 ~ 
RaR'NInCI4 ~ lnCl 3 + A '  -CHaCI and cracking cracking 

lnC13 (sublimation at > 440 ~ 

R 3 R'NTICI4 255-265~ TICI+A '  ~300~ 
-CH3CI and cracking cracking 

and/or reduction 

TIC1 (sublimation at 425~ 

supporting the proposed tetrahedral structures, [I] and [II], for the complexes with 
TOA and TOMAC: 

C Cl, j icc],j 
M " R3R'N M /\ ' /\ 

RaNHCI CI CI CI 

[l] [II] 
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An exception is the indium complex with TOA, which has trigonal bipyramidal or 
square pyramidal structure. 

We wish to thank the Research and Development Laboratory, Swiss Aluminium Ltd., Neuhausen, 
Switzerland, for the gift of gallium metal, and the Koei Chemical Co. Ltd. for samples of TOA and 
TOMAC. 
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Zmammenfassung - -  Komplexe yon dreiwertigem GalIium, Indium und Thallium mit Trioctylamin 
(TOA, R3N ) und Trioctylmethylammonium-Hydrochlorid (TOMAC, R3R'NCI) wurden durch 
Trocknung der benzolischen Extrakte der die Metallchloride mit TOA bzw. TOMAC enthaltenden 
w/issrigen L6sungen im Vakuum dargestellt: R3NHGaCI,, (R3NH)21nCI~, R~NHTICI~, 
R~R'NGaCI4, R~R'NInCI~ und R~R'TICI~. Die dargestellten Komplexe wurden durch TG und DTA 
in Stickstoffatmosph~re untersucht. Die Produkte der thermischen Zersetzung, fliichtige Substanzen 
und Rf~ckst/inde, wurden gas-chromatographisch, r6ntgendiffraktometrisch und 1R- 
spektrophotometrisch untersucht. Es wurde festgestellt, dab die Komplexe dieser dreiwertigen Metalle 
sich thermisch durch Krackung der Alkylgruppen zu den Chloridcn (GaCI~, InCI3 und TICI~) zersetzen. 

Pe~toMe - -  KOMH.:IeKCbl X~'aopH,LIOB TpexBa21eHTIlblX Yadl.llHg, Hll,al~ll H "l-a.rlJll'l~l c Tp)lOk"l'l, IJlaMttHOM 

(TOA, R3N ) u rp)lOKTHZMexaaaMMOltafi XJIOpHaOM (TOMAC, R3R'NCI ) coeraBa R3NHGaCI 4, 
(R3NH)21nCls, R3NHTICI4, R3R'NGaCI4, R3R'NInCI a ~ R3R'NTICI 4 6hla)t no:lyqenhl 
B~cytuaaaaueM ~ ~aKyyMe opraHaqecK)lx 3KcTpaKTOB, Hoay~euH~x np)l CoB~eCTHOM 
3KcTparaposaua. Laopa~ton MeTa~qJIOB e TOA H TOMAC B 6enaoae. lqo.lyqeltllble lgOMIl.aeKcbl 6hl;II4 
l~3yqeubl MeroaaMa TF n ~I, T A n  aTMoo~pe a3oTa, a npoay~rb~ aepMnaecgoro pa3,1oxem4a 
auaau3upona,aHeb ra3onoi~ xpoMaxorpaqbuefi, pewrierlo-qba3oB~M aHal)13OM U H K cnelcrpoMeTpuefi. 
Yerauonzeno, qxo 3Ta KOMmae~cbl pa3~ara~oxcg ~to xaoprtaon MexaJiao~ (GaCI~, InCI 3 it TIC1) c 
pacmenaeHueM a.aKnJn, H~aX rpynn. 
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