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Abstract: The reaction between ammonium and thiocyanate under prebiotic
chemistry conditions was studied using FT-IR spectroscopy. Ammonium thio-
cyanate (1.0x10°3 mol L-1) was dissolved in sodium chloride solution (28.57
g L1 at two different pH values (5.30 and 7.20). FT-IR results showed that it
was possible that some compound that resembles dithiooxamides was syn-
thesized when samples of ammonium thiocyanate were exposed to UV radia-
tion under a regular atmosphere, as UV radiation in the presence of oxygen
leads to the formation of perchlorate ions (ClO,7) due to the presence of Cl- as
well. After acid hydrolysis of the samples of ammonium thiocyanate irradiated
under a nitrogen atmosphere, yellow and white compounds were obtained,
which could not be identified. These results were different from those reported
in the literature, where other authors found methionine. However, they used
higher concentrations of ammonium thiocyanate and a different type of UV
lamp. On the other hand, in the present study, a lower concentration of am-
monium thiocyanate was used, which probably resembled more the concen-
tration of ammonium thiocyanate of primitive earth.

Keywords. ammonium thiocyanate; prebiotic chemistry; UV radiation; origin
of life.

INTRODUCTION

Amino acids play an important role in the biochemistry of present living or-
ganisms, such as: inhibitory and excitatory neurotransmitters, glucose, hormone
and neurotransmitters precursors and peptides and proteins subunits. It should be
emphasized that proteins participate 18 % w/w to the composition of mammalian
cells. Thus, the study of their synthesis is relevant to an understanding of the
origin of life on Earth. As pointed out by Zaia et al.,2 when planning prebiotic
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chemistry experiments, it is important to know what were the sources for amino
acid synthesis on the primitive Earth and which amino acids were synthesized
from these sources.

Ammonium and thiocyanate were synthesized in experiments under prebio-
tic chemistry conditions. They were also found in places that resemble these en-
vironments. Dowler and Ingmanson3 determined the presence of thiocyanate in
Atlantis II Deep Brine, located at the bottom of the sea in the Rift Valley. Thio-
cyanate was synthesized due to the reaction between HCN and H»S. HCN, H2S
and nitrogen compounds (CNS-, amines, amino acids— Arg, Ser, Thr, Gly, ABA,
Phe) are found in sub-marine volcanoes.4> CometsS could be a source of NH3,
HCN and H»S, as well as of other sulfur and nitrogen compounds (NH2CHO,
HNC, HNCO, CH3CN, HC3N, CSp, CS, SO, SO, OCS, HoCS, NS). Summers’
showed that nitrite could be reduced to ammonia by iron(ll). As reviewed by
Raulin and Toupance,8 ammonium thiocyanate can be synthesized when a mix-
ture of gases (CH4—NH3z—H20(yap)—H2-N2—-CO2-H>S), resembling the primitive
atmosphere of Earth, is submitted to electric discharges. Thus, ammonium and
thiocyanate are substances that probably were easily found on the primitive Earth.

The reaction between ammonium and thiocyanate has been studied under
different conditions, some of them resembling the environments of the primitive
earth. For example, Holmes® irradiated a concentrated agueous solution of am-
monium thiocyanate (4.0 mol L—1) and observed the formation of colloidal sulfur.
Tareja et al.10 heated/irradiated with UV radiation ammonium thiocyanate in the
solid state and observed the formation of thiourea. Zaia et al.1l also studied the
reaction of ammonium thiocyanate in the solid state. They heated samples of am-
monium thiocyanate, sand and transition metals and detected the formation of
guanidine. Spheres were detected in samples of ammonium thiocyanate and for-
maldehyde with or without UV irradiation and ammonium thiocyanate with UV
irradiation.12.13 Steinman et al.14 detected the formation of methionine when an
aqueous solution of ammonium thiocyanate was exposed to UV radiation.

The climate of the primitive Earth is uncertain, there are models of hot and
cold primitive Earth and both are plausible.15.16 The atmosphere of the primitive
Earth was probably neutral-redox (CO, CO», N2, Hp) and the O, concentration
was very low, it could have been about 0.10 % of the present atmospheric le-
vel.17 The main extraterrestrial source of carbon compounds was interplanetary
dust particles, IDPs.18-20 The main proposed sources of energy on the primitive
Earth are: UV radiation, electric discharges, volcanic heating, radioactivity, cos-
mic rays and meteor impacts. According to Kobayashi et al.,21 UV radiation was
the greatest source of energy for the synthesis of biomolecules on the primitive
Earth. Thus in the present research, UV radiation was used as the source of ener-
gy for the synthesis of biomolecules from the reaction between ammonium and
thiocyanate under prebiotic chemistry conditions. To simulate the action of UV
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rays, a UV lamp was used. Ammonium thiocyanate (1.0 103 mol L-1) was dis-
solved in a sodium chloride solution (28.57 g L—1), which is the same concentra-
tion found in seawater, at two different pH values (5.30 and 7.20). It should be
emphasized that, to the best of our knowledge, this reaction has not been studied
before under conditions plausible to those of the primitive Earth.

EXPERIMENTAL

All employed reagents were of analytical grade. For al the experiments, a wooden box
with the following dimensions (40 cmx40 cmx40 cm) was used. The box contained an Hg
lamp with a 120 W bulb. The pH of the samples was adjusted to 5.30 and 7.20, because the
former isfound in hydrothermal environments and the latter is the average pH of seawater.2?

Experiment 1: UV irradiation of ammonium thiocyanate solution

50 mL of a solution containing ammonium thiocyanate (1.0x10=3 mol L1) and sodium
chloride (28.57 g L-1) were added to four beakers. The pH of the samples was adjusted to 5.30
or 7.20 with HCI (0.120 mol L-1) or NaOH (0.10 mol L-1). The samples were irradiated for 0.5,
1.0, 3.0, 4.0, 6.0, 8.0, 10.0, 12.0, 14.0 and 15.0 h. During all the irradiation period (015 h),
the beakers were kept on an ice bath. After irradiation, aliquots were withdrawn for am-
monium and thiocyanate analysis, the samples were lyophilized, and the FT-IR spectra were
recorded using the pressed KBr disc technique.

Experiment 2: UV irradiation of ammonium thiocyanate solution under a nitrogen atmosphere

A volume of 50 mL of ammonium thiocyanate (1.0x103 mol L-1) dissolved in a sodium
chloride solution (28.57 g L") was added to four beakers. The pH of the samples was adjusted
to 5.30 or 7.20 with HCI (0.10 mol L) or NaOH (0.10 mol L1), respectively. The samples
were irradiated for 3.0 h. During the irradiation period, the beakers were kept on an ice bath
and under a nitrogen atmosphere. After irradiation, the samples were lyophilized and then
were submitted to acid hydrolysis with an HCl solution (6.0 mol L™1) at 120 °C for 24 h. The
FT-IR spectrawere recorded using the pressed KBr disc technique.

Experiment 3: UV irradiation of ammonium thiocyanate solution under a nitrogen
atmosphere without sodium chloride4

The samples for Experiment 3 were prepared as described by Steinman et al.14 A volume
of 50 mL of ammonium thiocyanate (0.10 mol L-1) was added to four beakers. The samples
were irradiated for 3.0 h. During irradiation, the beakers were kept on an ice bath and under a
nitrogen-saturated atmosphere. After irradiation, the samples were lyophilized and then were
submitted to acid hydrolysis in 6.0 mol L-1 HCI at 120 °C for 24 h. The FT-IR spectra were
recorded using the pressed KBr disc technique.

Acid hydrolysis of the samples from Experiments 2 and 3

An aliquot of 500 uL of each sample and 500 pL of concentrated HCl were added to
tubes used for acid digestion of amino acids. The tubes were heated at 110 °C for 24 h. After
cooling, the solids (white and yellow) were withdrawn and washed severa times with distilled
water. The solids, white and yellow aggregates, separated from each other and thus were
separated manually.

Infrared spectrophotometric method

The IR spectra were recorded on a Shimadzu FT-IR 8300 instrument, using the pressed
KBr disk technique. The spectral resolution was 4 cm! and each spectrum was determined

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




1384 de SANTANA et al.

after acquiring 120 spectra. About 10 mg of samples plus 200 mg of KBr were weighed and
then ground in an agate mortar until a homogeneous mixture was obtained. The disc pellets
were prepared and the spectra were recorded from 400 to 4000 cmrl. The FT-IR spectra were
analyzed with the program Origin (version 5.0).

RESULTS AND DISCUSSION

Prebiotic chemistry studies require that the experiments must be performed
under conditions plausible to those that prevailed on the primitive Earth.23 The
concentration of thiocyanate in present seawater is 1.0x10~° mol L—1,2 and the
concentration of total nitrogen compounds around submarine volcanoes is 2.2x10-2
mol L-1.4 Thus, the concentration used in the experiments (1.0x10-3 mol L-1)
was close enough to real conditions and a reasonable value to perform prebiotic
chemistry experiments. Seawater as described by Benetoli et al.24 could not be
used because sulfates and carbonates would interfere with the FT-IR experi-
ments. Thus, ammonium thiocyanate was dissolved in distilled water with so-
dium chloride at the same concentration present in seawater (28.57 g L~1). Expe-
riments 1 and 2 were performed at pH 5.30 and 7.20 because the first is found in
hydrothermal environments and the second is the average of seawater today.22
Thus experiments 1 and 2 were realized under conditions of an ammonium thio-
cyanate concentration of 1.0x10-3 mol L-1, control of pH (5.30 or 7.20) and
NaCl (at the same concentration as in seawater), i.e., under conditions more close
to those of prebiotic Earth than any of the mentioned studies. It should also be
emphasized that Experiment 1 simulated a primitive atmosphere with oxygen and
Experiment 2 without it.

Experiments 1 and 2 showed a change in the solution and slight white sus-
pension appeared in the solution after 2 h of irradiation. Smith et al.12 irradiated
aqueous solutions of ammonium thiocyanate (0.01-2.0 mol L—1) and perceived
the formation of an intense white suspension. After 10 min, the irradiation was
stopped and formation of microspheres that aggregated to form large spheres and
chains was observed. According to them, the formation of spheres depended on
the time of irradiation and the concentration of ammonium thiocyanate
(NH4SCN). In the present experiments a white suspension appeared but the
formation of microspheres was not observed. On the other hand, Holmes® studied
the irradiation of a concentrated solution of NH4SCN (4.0 mol L-1) and observed
the formation of solids believed to be colloidal sulfur. Experiments 1 and 2 did
not show the formation of microspheres or colloidal sulfur and after a few hours,
the irradiation was stopped and the white suspension disappeared. These results
could be explained by the fact that a low concentration of ammonium thio-
cyanate (1.0x10-3 mol L—1) compared to those employed in the experiments of
Holmes® (4.0 mol L-1) and Smith et al.12 (0.01-2.0 mol L-1) was used. In
addition, it should be mentioned that the experimental conditions used by Hol-
mes® and Smith et al.12 were unrealistic from a prebiotic chemistry view point,
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since they used a high concentration of ammonium thiocyanate that could never
have existed on the primitive Earth.34.25

The FT-IR spectra of solid ammonium thiocyanate (Iyophilized samples of
ammonium thiocyanate dissolved in sodium chloride solution after ultraviolet ir-
radiation for 2, 7 and 15 h at pH 7.20) are shown in Fig. 1. The experiment (Ex-
periment 1) was performed under a regular atmosphere. The intensity of the bands
was determined using the internal standard K103 (784 cmi1). The bands at 1400
and 3125 cmr1 are characteristic of the ammonium ion, attributed to NH,4 defor-
mation and stretch, respectively, and the feature at 2065 cm? is due to the SCN—
group, assigned to the CN bond stretching. After ultraviolet irradiation, the bands
at 2065 and 3125 cm1 vanished and two new bands (at 1152 and 1633 cmr?l)
were observed (Fig. 1). The intensity of the bands at 1152 and 1633 cmrt in-
creased with irradiation time. The same results were observed for the samplesiir-
radiated at pH 5.30. Besides the decomposition of SCN—and NH4*, only the va-
nishing of the band at 2065 cm1 occurred. The band at 1400 cm2 did not dis-
appear, thus suggesting a coupling between thiocyanates [S=C=N]~. This coup-
ling could explain the retention of the band at 1400 cm and the new band at
1633 cmL. The product of the coupling of thiocyanates [S=C=N]~ resembles di-
thiooxamides [NH2C(=S)C(=S)NHy] which have characteristic bands at 1592
and 1434 cm! due to the groups NH, and HoNCS.26 The band at 1152 cm2
could not be explained by the synthesis of compounds that resemble dithioox-
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Fig. 1 FT-IR spectra: solid ammonium thiocyanate (a); lyophilized samples of ammonium
thiocyanate (1.0x10-3 mol L1) dissolved in sodium chloride solution (28.57 g L™1) after
irradiation for 2 (b), 7 (c) and 15 h (d) at pH 7.20. The FT-IR spectra of the samples (b),

(c) and (d) were recorded with an internal standard of K103 (784 cmrl). The FT-IR spectra

of the samples were recorded in pressed KBr discs. The experiments were performed
under aregular atmosphere, as described in the experimental section (Experiment 1).
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amides. An explanation for this band is the synthesis of perchlorate (ClO47); in
fact, it is known to occur naturally through the formation of ozone (O3) by UV
radiation of oxygen and, subsequently, perchlorate is formed by the oxidation of
chloride by ozone.2” The FT-IR spectrum of sodium perchlorate showed a band
at 1152 cm1 due to CI-O stretch (data not shown). However, it should be em-
phasized that this reaction probably did not play an important role in prebiotic
chemistry, since the amount of oxygen was too low on the primitive Earth.1®
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Fig. 2. FT-IR spectra of: solid ammonium thiocyanate (a); solid methionine (b); white solid
(c) and yellow solid (d). The white and yellow solids were obtained in Experiment 3. The
samples in Experiment 3 (50 mL of 0.10 mol L-1 ammonium thiocyanate) were irradiated

for 3.0 h. During irradiation, the samples were kept on an ice bath and under a nitrogen
saturated atmosphere. After irradiation, the samples were lyophilized, and then submitted
to acid hydrolysisin 6.0 mol L"1 HCI at 120 °C for 24 h. The FT-IR spectra
of the samples were recorded in pressed KBr discs.

Samples prepared as described in experiment 2 and 3 were irradiated for just
3 h under a nitrogen atmosphere. Experiment 3 was performed under the same
conditions as described by Steinman et al.14 In both experiments, two solids
(white and yellow) were obtained after acid hydrolysis. The acid hydrolysis was
performed to verify if the precursors of amino acids were synthesized.28 The FT-
IR spectra of solid ammonium thiocyanate, solid methionine and the observed
white solid (Experiment 3) and yellow solid (Experiment 3) are shown in Fig. 2.
The band at 20651 was absent in spectrum d (yellow solid) and bands at 1400
and 1633 cm~ were again observed. However, these bands are not characteristic
of methionine, which shows bands at 1315, 1508 and 1583 cm1 (Fig. 2). The
solids (white and yellow) obtained in experiment 2 showed the same FT-IR spec-
traas in Experiment 3. As shown by Lapinski et. al.,2° the synthesis of the solids
(white and yellow) could be attributed to phototautomeric compounds of dithio-
oxamides. However, this could be true only for the yellow solid because the S-H
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stretch was observed in the FT-IR spectrum of this sample. As expected, the pro-
ducts in Experiments 2 and 3 did not show a band at 1152 cm1, because both
experiments were carried out under a nitrogen atmosphere and in Experiment 3
there was also no sodium chloride present.

The experiments described in this paper (Experiments 1-3) did not show the
presence of methionine, even when the experiment (Experiment 3) described by
Steinman et al.14 was reproduced. This failure to synthesize methionine could be
due to the difference in UV lamps used here and by Steinman et al.14 The ra-
diation emitted by the UV lamp used in the present experiments has emission
lines from 185 to 580 nm,30 while the UV lamp used by Steinman et al.11 had 90 %
of intensity emission at 254 nm.3! It should also emphasized that the only me-
thod used by Steinman et al.14 to identify methionine was paper chromatography,
which could not have been conclusive. However, this experiment was realized in
1969 and that time paper chromatography was best analytical tool available.

CONCLUSIONS

In conclusion, this paper showed the following results. a) UV radiation is an
important source for the synthesis of biomolecules; b) a compound that resemb-
led dithiooxamides was probably synthesized; ¢) perchlorate (ClO4-) was synthe-
sized when the samples were irradiated with UV radiation in the presence of oxy-
gen and CI—; d) two non-identified solids (white and yellow) were obtained after
acid hydrolysis of the samples of ammonium thiocyanate irradiated under a nitro-
gen atmosphere; €) methionine was not obtained as reported other authors. How-
ever, they used higher concentrations of ammonium thiocyanate and a different
type of UV lamp; f) the formation of microspheres was not observed, probably
because of the low concentration of ammonium thiocyanate employed in the ex-
periments; g) no biomolecules were found in this work.
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U3BOJI

UV PAIMIALIMIA U PEAKIIUJA USMEBY AMOHUJAKA U TUOLIMJAHATA
IIPU TTIPEBUOTUYKUM XEMUICKUM YCJIIOBUMA
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IMpumenom FT-IR cnekrpockonuje n3yyaBaHa je peakuuja n3melly aMoHHjaka ¥ THOLMjaHATa
[IpH IPEGHOTHYKIM XEMUjCKHM ycIoBuMa. Amonujym-tronmjasar (1,0x10° mol/dm®) je pactso-
PeH y pacTBOpy HaTprjyM-xaopuaa (28,57 o/dm®) npu ase pasmante pH spexroct (5,30 u 7,20).
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Ha ocnoBy FT-IR cmektpockonckux pesynrara HaheHo je ma y Toky UV panujanuje amoHHjyM-
-THOILMjaHaTa J0Ja3u 10 rpaljerba TMTHOOKCHMHA, 10K y npucyctBy Cl” u kuceonnka Hacrtaje mep-
xiopar (ClOy). Ilpu paaujanuju y HHEPTHAM yCIoBHMa (CTpyja a30Ta) M KHCEI0j XUAPOIH3H Y30~
pKa aMOHHM]jyM-THOIIMjaHaTa J0Jia3u 10 rpalema mponsBoja xKyTe 6oje, udja CTpyKTypa HUje ofpe-
hena. [Ipukazanu pe3ynrTati ce pasiHKyjy O OAroBapajyhux JMTepaTypHuX MoAaTaka, Iae cy ay-
TOPH HPETIIOCTABIIIN J1a IPU HABEJICHUM yCJIOBHMA JI0J1a3H 10 rpalera MeTnonnHa. MehyTum, oBu
ayTopH Cy KOpUCTIWIN Behe KOHIIEeHTpanrje aMOHIjyM-Tronrjanata u pazmmanre UV namme. Hacy-
MIPOT OBOME, y OBOM paay KopuirheHe cy HiKe KOHIIEHTpalKje aMOHU]yM-THOIIMjaHaTa, IITO BHIIIE
OZTOBapa HErOBOM CaJIPKajy Y 3eMJbH.

(MTpumiseno 19. Gpebpyapa, peBuaupano 26. maja 2010)
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