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Resonance Raman spectrum of triiodide
complex formed in the reaction of iodine
with 1,4,8, ll-tetraazacyclotetradecane

EM Nour*t, G Abdel-Wahed & S Abdel-Khalik
Department of Chemistry, Faculty of Science,

Zagazig University, Zagazig, Egypt
and

MEl-Essawi
Department of Chemistry, Faculty of Science, Cairo University,

Cairo, Egypt

Received 21 October 1988; revised and accepted 28 April 1989

The resonance Raman spectrum of the solid complex
formed in the reaction of 1,4,8,1l-tetraazacyclotetrade-
cane (TACTD) with iodine exhibits characteristic bands
ofthe triiodide ion, (lJ) at 147, 108 and 85 cm-1 assign-
able to vas(I- I), vs(I - I) and b(Ii) modes, respectively.
The formed complex is best described as
[(TACTD)j+.Ii·

The solid complexes formed between iodine and
several types of electron donors have attracted con-
siderable attention 1-7, in view of their good electri-
cal conductivity. Recently, the bis(tetrathiotetra-
cene)triiodide, (TTT)213 is reported" to be among
the best of the presently known organic conductors.

In previous works's? vibrational spectroscopy was
successfully used in the structural elucidation of a
number of iodine compounds. We report herein the
.formation of the triiodide ion, 13, in the reaction of
iodine with 1,4,8, ll-tetraazacyclotetradecane
(TACID). The formula and structure of triiodide
complex are discussed.
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Experimental
All chemicals were of AR grade.
The Raman spectra of the triiodide complex were

recorded using a Cary model 82 spectrophotometer
and a Coherent Radiation Innova 12 argon ion la-
ser. In order to prevent the photochemical and ther-
mal decomposition of the sample by the laser beam,
- 2% by weight of the complex in KBr was exa-
mined in a rotating solid disk of conventional de-
sign. Sodium sulphate was added as an internal
standard. The electronic absorption spectra of the
reactants and the complex in CHCl3 were obtained
using a Perkin-Elmer spectrophotometer model
552.

Preparation of triiodide complex
A solution of iodine (5 x 10- 2 M) in ethanol (50

ml) was added to an equal volume of a solution of
TACTD (1 x 10 - 2 M) in ethanol. The dark brown
complex which separated out was filtered and
washed several times with ethanol. The use of iodine
in excess was checked following the electronic ab-
sorption band of the free iodine. The iodide com-
plex analysed for ClOH24N414(Found: C, 15.85; H,
3.35; N, 7.75; I, 73.05. Required: C, 16.90; H, 3.38;
N, 7.90; I, 71.82%).

Results and discussion
The Raman spectra of the complex were re-

corded using laser lines of 514.5 and 488.0 nm with
power < 200 mw and resonance enhancement was
observed with each excitation line. The assignments
of the Raman bands are shown in Table 1. The spec-
trum can be explained entirely by the presence of
the triiodide ion, 13-, The three bands at 85, 108 and
147 cm -1 are characteristic of this ion" and are
assigned to 6(13- ), vs(1- I) and vas(1- I), respectively.
Their Raman activities suggest that the 13- ion is
non-linear, otherwise, the symmetric stretching

Table I-Resonance Raman frequencies f (em - I )of
(TACTD)J+.Ii complex

A.x = 488.0 nm A.x = 514.5 nm Assignments

85 m 83 m b(Ii}
108 s 108 m v,(I - I)
147s 147s vas (I-I)
220 w 2 v,(I - I)
317w 3v,(I-I)

fs = strong; m =medium; w =weak
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mode would only be Raman active. Nevertheless,
the appearance of strong resonance Raman band
due to va,(1 - I) does not completely rule out the
possibility of I; ion being linear but non-centrosym-
metric. The existence of the 13- ion in this solid io-
dine complex is also supported by its electronic ab-
sorption spectrum which displays bands characteri-
sticx.9 for this ion at 290 (s = 4.22 x 10- 4 M- 1 ern - 1)

and 360 nm (E=2.42xlO-4 M-I cm " '} However,
photometric titration measurements in various sol-
vents clearly indicate that the TACTD:12 ratio is 1:2.
These results along with the elemental analyses in-
dicate that the triiodide complex of iodine with
TACTD may be described as [(TACTD)I]+ .I3-. This
structure is similar to that reported by Bowmaker
and Knappstein" for the complex [(HMTA)I]+ .I;
formed in the reaction of hexamethylenetetramine
with iodine in 1:2 molar ratio.

In the light of the foregoing discussion, a general
mechanism is proposed for the 12-TACTD reaction
as follows:

(i) TACTD + 12 = [(TACTD)I]+.I-
(ii) [(TACTD)I]+.I- + 12 = [(TACTD)I] +13-
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The results presented herein clearly demonstrate
the diversity of structures of iodine compounds in
the solution and solid states.
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