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The thermal behaviour of the MH2(IO3)3 (M = K, Rb and NH4) isomorphous compounds, as 
well as the IR and Raman spectra have been investigated as part of a study of the properties of 
solid protonic conductors. Detailed stoichiometries, sustained by TG, DTA, XRD and IR 
analysis, have been developed into the three phases. There were also evidences of the formation 
of the [I3Os]- polymeric phases. Their stabilities were associated to the different polarizing 
power of the H, K and Rb cations. 
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Introduction 

The solid protonic conductors, which are materials used for electrode and fuel 
cells, have lately led to a lot of investigations. The sl~uctural, thermal and 
spectroscopic characterization of these phases are undoubtedly related to the 
protonic mobility. 

The ammonium diacid iodate (NH4)H2(IO3)3 has been found to exhibit 
protonic conductivity [1]. Although the literature provides general information 
about the MH2(IO3)3 phases (M = K, Rb and NH4) this is not clear enough [2-9] 
and the crystal structure of the ammonium and potassium isomorphous salts have 
been recently analyzed and compared [ 10]. The present inform attempts to clarify 
some aspects of these systems. Thus, the thermal and vibrational behaviour of this 
series have been reported. 
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Experimental 

The monovalent (ammonium, potassium and rubidium) diacid iodates were 
obtained by evaporating aqueous solution of I205 and respective MHCO3 in 
dilute sulfuric acid. Small crystals were used as seeds to obtain large crystals by 
evaporating the solutions. 

Powder diffraction data were obtained with a Philips PW 1730 diffractometer, 
using CuK~ radiation (nickel filter). 

IR spectra were recorded with a Perkin Elmer 580-B Spectrophotometer using 
the CsCl-pellet as well as the nujol technique. 

Raman spectra were obtained with a Spex-Ramalog 1403 double mono- 
chromator spectrometer, equipped with a SCAMP data processor. The 514.5 nm 
line of an Ar-ion laser was used for exciting the samples. 

The TG and DTA thermal analysis were carded out using a Rigaku CN 8002 
L2 thermoanalyzer. The measurements were performed under a N2 stream 

(0.4 l.min-1). The temperature was raised up to 700~ (heating rate 10 deg.min-1). 
The specimens were analyzed against a-Al203 as reference. Additional thermal 
studies were carried out in a crucible furnace. The samples were investigated by 
X-ray diffractometry and IR spectroscopy. 

Results and discussion 

According to the X-ray and neutronic diffraction studies, the potassium, 
rubidium and ammonium diacid iod_ates are isomorphous phases. They belong to 
the triclinic system, space group P1 and Z = 2. More recent cell parameters data 
are shown in Table 1. Although the literature data are not entirely consistent [10], 
these lattices are structurally built up by a framework of strongly distorted 106 
octahedra (three I-O bonds are close to 1.8 A while the other three are farther 
away at 2.7 A) [7, 10]. The polyhedra are linked together by corner sharing and 
by H-bonds in the ammonium compounds. On the other hand, three are I-O...(H) 
and I-O...(M) bonds in the remaining K- and Rb-isomorphous phases. The NH4 
and K cations should be considered in a ten coordination [10]. On the other hand, 
there are three types of slightly different 106 polyhedra in the lattice with one 
common corner and a very complex and highly condensed structural group. Two 
of these groups are linked in a block of six octahedra, repeated along the three 
crystallographic axis. This type of framework generates cavities (occupied by the 
M ions) and also channels running along the three axis of the triclinic lattice, in 
which the acids protons are located [10]. These H-atoms can easily be removed 
when an electric field is applied and their migration is responsible for the ionic 
conductivity. The transversal dimensions of the channels are shorter in 
KH2(IO3)3 than in the ammonium compound. So, the movement of the protons in- 
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side the channels is lower in the K phase. Likewise, as the ammonium ion is not 
very different in size from the Rb ion [11], the XRD patterns for both compounds 
are similar. Only a very slight shift of the diffraction lines to smaller angles is ob- 
served in the last compound. 

Table 1 Cell parameters of MH2(IO3)3 (34 = K, NI-b,, Rb) 

KH2(IO3)3 [I0] NH4H2(IO3)3 [113] RbH2(IO3)3 [7] 

a (/~) 8.266 8.396 8.332 

b (~,) 8.200 8.363 8.232 

c (A) 8.180 8.207 8.264 

r (o) 66.08 65.57 60.66 

I~ (o) 60.16 60.13 85.80 

y (o) 71.06 70.33 66.10 

Finally, comparing the ammonium and potassium structural information, it is 
possible to get the following conclusions: 

i) In the framework, there are three shorter I-O distances. 
ii) The I-O...(K) bond-length is increased in relation to the I-O...(NH4) one. 
iii) The shortening of the I-O... (Hprot) bond is more evident in the case of the 

K phase. Therefore, a lengthening of the O - n p r o t  distance is observed in this case. 
(iv) Finally, the shortest Hprot-Hprot distance (into the channels) is observed 

in the K phase. 

Vibrational behaviour 

The IR and Raman spectra of the ammonium and potassium compounds were 
recently published by Santha et al. [12]. However, whereas the Raman lines agree 
with our results, the IR spectra show differences. This discrepancy is attributed to 
the fact that the samples were prepared using the KBr pellet technique. As it is 
known, under these conditions an immediate redox reaction, between the iodate 
acid and the Br- ions takes place, which alters the original composition of the 
sample. This observation has been experimented in our laboratory and for this 
reason the vibrational behaviour of all members of the series has been analyzed in 
CsCI as well as in nujol [13, 14]. 

Figure 1 shows a typical vibrational spectrum of the (NH4)H2(IO3)3 phase, 

registered between 1300-200 cm -1. Four fundamental vibrational frequencies, all 
IR and Raman active, are to be expected for IO3(C3v) pyramidal symmetry: vl 

(symmetric stretching) at 780 cm -1, v2 (symmetric bending) at 390 cm -1, v3 (an- 

tisymmetric stretching) at 830 cm -1 and the v4 (antisymmetric bending) at 

330 cm -1 [15, 16]. Likewise, it is usual that the 2v2 symmetric bending overtone, 
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appears in the Raman effect in the stretching region (700-800 cm -1) and its inten- 
sity can be amplified by Fermi resonance with the vl symmetric mode. Thus it is 
difficult to assign the spectra correctly because, although the strongest IR bands 
can be attributed to the v3 components, it is not so clear to distinguish between 
2v2 and Vl modes in the Raman effect [17]. 

On the other hand, the I-O-H vibrations are usually observed in the 

1300-1100 cm -1 region (5 I-O-H), as well as near 650 cm -1 (v I-O-(H)) [18]. In 
the first region, the ~i I-O-H vibration is splitted and located at higher frequencies 
than those observed for the free iodic acid [19]. This can be explained by the in- 
crease of the I-O-H angle, similar to that found in BeH2(IO3)3.6H20 [20]. 

Table 2 gives the frequencies of the vibrational spectra of the MH2(IO3)3 (M = 
K, Rb and NH4) phases. The assignment has been done on the basis of very dis- 
torted and condensed 103 groups. It is clear that the ammonium and rubidium 
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Fig. 1 Vibrational spectrum of (NH4)H2(IO3)3 (between 1300-200 cm -1) Top: IR; bottom: 
Raman 
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spectra  show s imi la r  and comparab le  values ,  fundamenta l ly  for the I - O . . . M  

sixetching modes ,  but  they  are loca ted  at h igher  f requencies  than the correspond-  

ing to the KH2(IO3)3 spect rum.  

Thermal behaviour 

The TG and D T A  traces recorded  in typical  exper iments  for MH2(IO3)3 (M = 

K, Rb,  NH4) are shown in Fig.  2. It is ev ident  that the thermal behaviour  for  the 

N H 4 - c o m p o u n d  differs  f rom the remaining  isomorphous  phases.  

Table 2 Vibrational behavio~zr of MH2003)3 (M = K, NIt4, Rb). Values in cm -1 

KH2(IO3)3 NH4H2(IO3)3 RbH2(IO3)3 Assign. 

IR Raman IR Raman IR Raman 

3220 br 3200 w v N-H 

1430 m 1430 vw v N-H 

1230 w 1220 m 1220 m 5 I-O-H 
1090 w 1110 w 1115 vw 1085 w 

825 sh 822 w 843 sh 823 w 843 sh 828 w v3 IO3 

790 s 801 w 790 sh? 804 w 790 sh 800 w 

755 s 759 s 765 vs 762 vs 762 vs 764 vs vl IO3 

741 vs 747 vs 748 vs 2v2 IO3 

710 sh 685 m 710 m 687 m 710 m 689 m v I-O...(H) 
625 m 654 m 665 m 660 sh 640 m 662 m 

385 sh 372 w 375 sh 373 w 380 sh 374 w v2 IO3 
352 w 360 sh 352 w 360 sh 350 w 

340 m 339 w 335 m 338 w 340 m 339 w vr 103 
330 w 328 w 328 w 

310 m lattice modes 
302 w 301 w 302 w 

285 sh 290 m 295 w 
234 vw 233 vw 234 vw 

215 vw 213 vw 212 vw 

s: strong; vs: very strong; m: medium; w: weak; vw: very weak; sh: shoulder;, br: broad 

a) NH4H2(IO3)3 

As it si obse rved  in Fig.  2c, the DTA curve  o f  this phase  shows a small  exo-  

the rmic  peak  at 200~  and two wel l  deve loped  endothermic  peaks at 158 ~ and 

420~  respec t ive ly .  They  are ident i f ied  with two s~rong weight- losses  on the TG 

curve ,  one  loca ted  be tween  155n-200~ and the other  be tween 390~176  In 

the first  one,  there seems  to be two success ive  and part ial ly superposed process-  

es o f  d i f f icu l t  resolu t ion .  The  format ion  o f  the NH4IO31205 phase, sugges ted  in 
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Fig. 2 TG and DTA plots of: a: KH2(IO3)3, b: RbH2(IO3)3, c: NH4H2(IO3)3 

the literature [21] has not been detected and iodine is given up at =160~ 
Likewise, IR spectra of samples heated at this temperature have not shown the 
typical N-H vibrations. On the other hand, the spectra of the polymeric HI308 
species [19, 22] have been clearly observed near 200~ as an intermediate phase 
which easily becomes 1205. The presence of 1-II308 depends fundamentally on the 
heating rate and on the particle size of the sample. The small exothermic peak is 
associated with this formation. The second step of the thermal treatment (420~ 
corresponds to the 1205 decomposition with the evolution of 12 and 02  [23] with 
a 100% weight loss, Hence, from the experimental weight-loss values, 38.5% for 
the first overall process and 61.5% for the second one, and with the aid of the IR 
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spectroscopy and XRD techniques, the degradation process can be formulated as 
follows: 

First step: (158~176 

2(NH4)H2(IO3)3 -'~ N2 + I2 + 02 + 1.33 HI308 + 5.33 H20 

(partial weight loss: 37.6%) 

1.33 HI308 ---) 0.67 H20 + 2 I205 

(partial weight loss: 0.9%) 

Second step (420~ 

2 I205 --) 2 12 + 5 O2 

This behaviour resembles the thermal NH4H(IO3)2 compound [24]. 

b) MH2(IO3)3 (M = K, Rb) 

As it can be observed in Fig. 2a and b, the DTA curves of both compounds 
show a greater number of thermal effects in relation to the ammonium phase. 

The first endothermic peaks in both compounds are attributed to the dehydra- 
tion process with the subsequent rearrangement of the lattice for the formation of 
the polymeric MI308 crystalline phase. This can be clearly identified by starting 
from 210~ and its formation is surely associated to the small exothermic peak. 
These poiymerlc phases are related to HI308 but th~s last species is more unstable 
[23]. Figure 3 shows a comparison of the KI3Os, RbI3Os and HI3Os IR spectra, 
which are all intermediate phases. The characteristic stretching of the I-O-I  
bridges are observed in the 400-650 cm -1. The stretchings and bendings of the 
iodate groups [19] are located between 650- 850 and below 400 cm -1 respective- 
ly. The stability of the MI3Os remains up to 350 ~ C approximately, and for the cat- 
ion with the more polarizing power, the stability is lower. So, the decomposition 
process occurs at 338 ~ and 360~ for the K and Rb compounds respectively. 
The subsequent formation of the respective MIO3 and 1205 is clearly observed, 
without weight loss, at these temperatures, in agreement with the endothermic 
peaks. Table 2 shows the different steps of the KH2(IO3)3 and RbH2(IO3)3 ther- 
mal process which can be sustained with the aid of the XRD and IR spectroscopy. 
The complete and typical decomposition scheme for the potassium phase is the 
following: 

KH2(IO3)3 ----> KI3Os + H20 (I) (II) 

KI308 -.-) KIO3 + I205 (III) 

1205 ---)' 12 + 2.5 02 (IV) 
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KIO3 --> KIO3(mdted) -'-) KI + 1.5 02 (V) 

KI --> KI(mr (VI) 

Conclusions 

In a first place, it is important to remark that the KBr pellet technique for the 
IR measurements cannot be used in these systems, due to the redox reaction be- 
tween the bromide and iodate acid species, situation that induces to erroneous 
results. For this reason, the IR previous data [12] are not reliable. 
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Fig. 3 IR spectra of the intermediate phases of the thermal process: a: HI3Os, b: KI3Os, 
c: RbI3Os 
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Table 3 KH2(IO3)3 and RbH2(IO3)3 thermal process 

Type KH2(IO3)3 NH,H2(IO3)3 

of reaction EN EX EN EN EN EN EN EN EX EN EN EN EN 

T / ~  168 , 204 324 336 424 516 672 168 203 368 424 560 646 

theol. 
weight loss / 3.18 
% 

exp. 
weight loss / % 3.20 

step I 

59.00 8.48 u 2,94 54.53 7.84 

59.10 8.47 - -  2.96 54.52 7.86 - -  

II III II1 IV V VI I II III IV V VI 

EN: endothermic, EX: exothermic 

From the XRD and vibrational appreciation, the RbH2(IO3)3 cell dimensions 
as well as the I-O distances are expected to be comparable to the ammonium 
compound. Then a good protonic mobility can also be predicted for the Rb-phase. 

On the other hand, the thermal treatment of the NH4- as well as K- and Rb- 
phases does not occur in a similar way; however, the presence of the [1308]- 
polymeric and unstable species can be observed, as an intermediate phase, in all 
compounds, previous to the 1205 formation. Likewise, the thermal behaviour of 
the MI308 (M = K, Rb) is affected by the polarizing power of the cation. These 
polymeric phases are easily characterized by IR spectroscopy, presenting typical 

I -O-I  vibrations between 400-600 cm -1, besides the correspondent to the I-O 
stretching and bending. 
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Z u s a m m e n f a s s u n g - - A l s  Teil einer Studie der Eigenschaften von Feststoff-Protonen- 
leitern wurde neben den IR- und Raman-Spektren auch das thermische Verhalten der 
isomorphen Verbindungen MH2(IO3)3 (M= K, Rb, NH4) untersucht. In den drei Phasen 
wurden mit Hilfe yon TG, DTA, IR und R6ntgendiffraktionsuntersuchungen detaillierte 
St6chiometrien entwickelt. Es gab auch Beweise fiir die Bildung yon polymeren [I308]" 
Phasen. Ihre Stabilit~t steht in Verbindung mit der unterschiedlichen Polarisationsfiihigkeit 
der H-, K- und Rb-Kationen. 
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