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Reaction of urea with sodium tetrachloroaurate(III) dihydrate and zinc(II) chloride
has been investigated at room and elevated temperature (�908C) producing three new
compounds: [Au(urea)4]Cl3 � 2H2O, [Au2(NH2)2Cl2(NCO)(OH)] �H2O and 2ZnCO3 � 3Zn(OH)2.
The infrared spectra were recorded and the observed bands were assigned. The binuclear
gold complex and basic zinc carbonate basic were also investigated by thermal analysis,
and general mechanisms describing their decompositions are suggested.
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1. Introduction

Stable complexes, formed by the reaction of various metal salts with urea at room
temperature in aqueous media, are known [1–5]. However, the inner structures
of these complex salts indicate that coordination of urea with the metal ion occurs
via formation of oxygen or nitrogen metal bonds, depending on the type of metal
salt [6]. Free urea is known to decompose to CO2 and NH3 in aqueous media, and
the rate of decomposition increases with temperature. The rate of decomposition
of coordinated urea, and the nature of the reaction products, were found to be strongly
dependent on the type of metal ions and the metal salts used in the reaction [7–12].

The present study was undertaken to investigate the nature of the reaction
products of urea with sodium tetrachloroaurate(III) dihydrate and zinc chloride in
aqueous solutions at room temperature and at �908C. The aim of this work was
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to discern the role of the metal ion in the decomposition of coordinated urea at high
temperatures.

2. Experimental

2.1. Preparation of the compounds

2.1.1. [Au(urea)4]Cl3E2H2O (1). The solid complex was prepared by adding
diethyl ether solution (50mL) of Na(AuCl4) � 2H2O (0.994 g; 2.5mmole) to a sus-
pension of urea (0.9 g; 15mmole) in diethyl ether (50mL). The reaction mixture
was left at room temperature for two days with continuous stirring. The orange
precipitate formed was filtered, washed several times with a minimum amount
(2mL) of diethyl ether and then dried under vacuum over phosphorus pentoxide.
Anal. Calcd for C4H20Cl3N8O6Au (FW 579.46): C, 8.28; H, 3.45; N, 19.32;
Cl, 18.37; Au, 33.99. Found: C, 8.23; H, 3.49; N, 19.51; Cl, 18.73; Au, 34.11%.
Yield, 1.23 g (85%).

2.1.2. [Au2(NH2)2Cl2(NCO)(OH)] EH2O (2). The brown complex [Au2(NH2)2Cl2
(NCO)(OH)] �H2O was prepared by mixing equal volumes (50mL) of aqueous
solutions of sodium tetrachloroaurate(III) dihydrate (1.97 g, 5mmol) and urea
(1.8 g, 30mmol). The mixture was heated with stirring at �908C for 10 h. The
precipitated complex was filtered, washed several times with hot water and then
dried under vacuum over P2O5. The same product was obtained upon heating an
aqueous solution of the complex [Au(urea)4]Cl3 � 2H2O at �908C. Anal. Calcd for
CH7Cl2N3O3Au2 (FW 573.92): C, 2.09; H, 1.21; N, 7.31; Cl, 12.36; Au, 68.64.
Found: C, 2.10; H, 1.22; N, 7.40; Cl, 12.30; Au, 68.33%. Yield, 1.2 g (86%);
m.p. above 3008C.

2.1.3. 2ZnCO3 E 3Zn(OH)2 (3). This white compound was prepared by mixing
equal volumes (100mL) of aqueous solutions of ZnCl2 (1.36 g, 10mmol) and
urea (3.60 g, 60mmol). The mixture was heated with stirring for 10 h at �908C. The
precipitated compound was filtered, washed and dried in a similar manner as the
gold complex. Anal. Calcd for C2H6O12Zn5 (FW 548.85): C, 4.37; H, 1.09; Zn, 59.55.
Found: C, 4.35; H, 1.08; Zn, 59.42%. Yield, 0.75 g (72%); m.p. above 3008C.

2.2. Analysis of the compounds

Zinc content was determined gravimetrically as metal oxide and also determined
by using atomic absorption. A PYE-UNICAN SP 1900 fitted with the corresponding
lamp was used for this purpose. The infrared spectra were recorded in potassium
bromide discs using a Gensis II FTIR spectrophotometer or a Perkin-Elmer 1430
ratio-recording, infrared spectrophotometer. Thermogravimetric (TG) and differential
thermogravimetric (DTG) analyses were carried out under N2-atmosphere using a
Shimadzu TG-50H thermal analyzer.
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3. Results and discussion

3.1. [Au(urea)4]Cl3 E 2H2O complex (1)

At room temperature, urea reacts with sodium tetrachloroaurate(III) dihydrate
in diethyl ether to form [Au(urea)4]Cl3 � 2H2O. The infrared spectra of urea and its
coordination complex are shown in figure 1 and their bond assignments are given
in table 1.

The spectrum of [Au(urea)4]Cl3 � 2H2O, exhibits an absorption band at 1665 cm�1

due to the carbonyl vibration, while the corresponding vibration in the spectrum
of free urea is observed at 1680 cm�1 [6, 13]. The shift of �(C¼O) to a lower wave-
number in the urea complex indicates the formation of a bond between the oxygen
of urea and the central gold(III) atom, and that nitrogen is not the donor atom. As a
result of such coordination, the �(C–N) band is expected to shift to higher wavenumber
(1495 cm�1) since the nitrogen to carbon bond acquires more double bond character.
The infrared bands observed at 3386, 3342 and 3190 cm�1 in the spectrum of
free urea and assigned to N–H stretching vibrations are observed at almost the same
frequencies in the spectrum of the Au(III) urea complex.

3.2. [Au2(NH2)2Cl2(NCO)(OH)] EH2O complex (2) and 2ZnCO3 E 3Zn(OH)2
compound (3)

The reactions of aqueous solutions of urea with Na[AuCl4] � 2H2O or ZnCl2 at
�908C produce [Au2(NH2)2Cl2(NCO)(OH)] �H2O or 2ZnCO3 � 3Zn(OH)2, respectively.

Figure 1. Infrared spectra of (A) urea; (B) [Au(urea)4]Cl3 � 2H2O complex.
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The formation of these two compounds upon heating indicates that Au(III) and Zn(II)
ions decompose the coordinated urea at the higher temperature.

3.3. Gold complex

For [Au2(NH2)2Cl2(NCO)(OH)] �H2O, the most probable structure is shown in
formula 1, where the complex is planar and may have Cs symmetry.

The infrared spectrum (figure 2 and table 2) of this complex shows no bands
characteristic of coordinated urea but, instead, bands characteristic of terminal
isocyanate [13, 14] at 2180 cm�1 and of a coordinated amide group [1, 10, 13] in the
3350–3040 cm�1 region. The band at 580 cm�1 is attributed to �(Au–N) (N of –NH2),

Au

N

Au

N

OH

NCO

Cl

Cl

HH

HH

Formula 1.

Table 1. Infrared frequenciesa (cm�1) and their assignments for [Au(urea)4]Cl3 � 2H2O and urea.

[Au(urea)4]Cl3 � 2H2O Urea Assignmentsb

3450 br �(O–H); H2O

3382w
3340w

3386w
3342w

�as(N–H); NH2

3190w 3180w �s(N–H); NH2

1665 vs 1680 vs �(C¼O)

1620 vs 1630 vs �b(NH2)
1495m
1460ms
1325m

1450 s �as(CN)

1290w
1160 s

1164 s �r(NH2)

1040w 1070m �s(CN)

995m
944w
845 sh

1000m �t(NH2)

785m
760 sh

790m �w(NH2)

590m 590w �(NCO)

540m 540w �(NCN)
440w
415m

�(Au–O)

abr, broad; m, medium; s, strong; sh, shoulder; w, weak.
b�, stretching; �b, bending; �r, rocking; �t, twisting; �w, wagging.
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while the two bands at 420 and 400 cm�1 are assigned to Au–O stretching vibrations. The
weak and medium intensity bands appearing at 365 and 335 cm�1 may be considered to
the �(Au–Cl) [13]. In order to verify that the chloride is coordinated and not ionic, the
complex solution was tested with an aqueous solution of AgNO3 (no precipitate was
formed). The observation of the above bands, together with elemental analysis data,
are indicative of the formation of [Au2(NH2)2Cl2(NCO)(OH)] � H2O. Accordingly,
sodium tetrachloroaurate(III) dihydrate reacts with urea at �908C according to the

equation below.

2½AuðureaÞ4�Cl3 � 2H2Oþ 7H2O �!
�908C

½Au2ðNH2Þ2Cl2ðNCOÞðOHÞ� �H2Oþ 4HClþ 7CO2 þ 13NH3

The IR vibrations of the complex are distributed between motions of the type A0

and A00; all are monodegenerate and infrared-active. The two bands at 3350 and
3205 cm�1 are assigned to �as(N–H) (A00), while the other bands observed at 3190
and 3040 cm�1 are of weak intensity and should be associated with symmetric
vibrations of the type �s(N–H) (A0). The band at 1560 cm�1 may arise from the NH2

bending vibration, while the group of bands at 1110, 1085 and 1030 cm�1 are associated

with wagging and twist vibrations of the coordinated NH2 group; the rocking vibration
is assigned at 745 cm�1.

The isocyanate ion (NCO�) bands are assigned as follows: the N�C frequency
is observed, as expected, at 2180 cm�1 while �(C–O) and �(NCO�) are observed
at 1455 and 655 cm�1, respectively. This assignment for the bands due to the NCO�

Figure 2. Infrared spectra of (A) [Au2(NH2)2Cl2(NCO)(OH)] �H2O complex; (B) 2ZnCO3 � 3Zn(OH)2
compound.
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agrees quite well with those known for corresponding isocyanate complexes [13, 14].

The �(O–H) frequency of the terminal hydroxo group is assigned to the medium

intensity band at 3570 cm�1, while the bending motion, �b(AuOH), is assigned

at 1280 cm�1.
To confirm the proposed structure of the Au(III) complex,

[Au2(NH2)2Cl2(NCO)(OH)] �H2O, thermogravimetric (TG) and differential thermo-

gravimetric (DTG) analysis were carried out under N2 flow (figure 3A). The

thermal degradation for the complex exhibits two degradation steps. The first step of

decomposition occurs in the range 50–1058C, with a maximum temperature at 758C,
and is accompanied by a weight loss of 3.16% corresponding exactly to the loss

of a water molecule. Loss of water of crystallization at a relatively low temperature

may indicate weak H-bonding involving the H2O molecule and the complex.

The second step of degradation occurs at a maximum temperature of 2408C and

is accompanied by a weight loss of 26.57%, corresponding to the loss of NH4Clþ

HClþ 2NO. The actual weight loss from these two steps is 29.73%, close to the

calculated value 29.26%.

Table 2. Infrared frequenciesa (cm�1) and their assignments for [Au2(NH2)2Cl2(NCO)(OH)]
and 2ZnCO3 � 3Zn(OH)2.

[Au2(NH2)2Cl2(NCO)(OH)] 2ZnCO3 � 3Zn(OH)2 Assignmentsb

3570w 3540w, 3440w
3340mbr, 3320w

�(O–H); OH�

3450mbr �(O–H); H2O

3350mbr
3205w

�as(N–H)

3190w
3040wsh

�s(N–H)

2180m �(N�C); NCO�

1620 s �b(H2O) uncoord.

1560m
H2O
�b(NH2)

1455wm 1560 s, 1510 s, 1380 s �(C–O); CO2�
3

1280wm
�(C–O); NCO�

�(AuOH)

1110w
1085w
1030w

�w and �t of (NH2)

1040m
1005w

�b(ZnOH)

950m, 830 s, 740m, 710 vw
690m

�(OCO); CO2�
3

745w �r(NH2)
655wbr �(NCO�)
580wbr �(Au–N); NH�2

470m
425w, 380w

�(Zn–O); (OH�)

420w
400w

�(Au–O)

365wsh �(Au–Cl)
335wm �(Au–Cl)

abr, broad; m, medium; s, strong; sh, shoulder; w, weak.
b�, stretching; �b, bending; �r, rocking; �t, twisting; �w, wagging.
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The following mechanism is proposed for the thermal decomposition of
[Au2(NH2)2Cl2(NCO)(OH)] �H2O:

½Au2ðNH2Þ2Cl2ðNCOÞðOHÞ� �H2O �!
50�1058C

½Au2ðNH2Þ2Cl2ðNCOÞðOHÞ� þH2O

½Au2ðNH2Þ2Cl2ðNCOÞðOHÞ� �!
2408C

2Auþ CþNH4ClþHClþ 2NO

3.4. Zinc compound

In the case of the basic zinc carbonate, 2ZnCO3 � 3Zn(OH)2, the infrared spectrum
of the obtained compound (figure 2, table 2) shows no bands due to coordinated
urea but, instead, a group of bands characteristic for ionic carbonate [7, 13] are
observed (table 2). Characteristic bands for hydroxide ion [15] lying in the
3540–3320 cm�1 region are assigned to the O–H stretching vibration motions.
The bands at 1040 and 1005 cm�1 can be considered to arise from the bending

Figure 3. TGA and DTG diagram of (A) [Au2(NH2)2Cl2(NCO)(OH)] �H2O complex; (B)
2ZnCO3 � 3Zn(OH)2 compound.
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motion, �b(ZnOH). The IR spectra and the elemental analysis data indicate that
2ZnCO3 � 3Zn(OH)2 is formed. The formation of basic zinc carbonate is supported
by measuring the infrared spectrum of the commercially obtained zinc carbonate
hydroxide, 2ZnCO3 � 3Zn(OH)2 [16].

Nardelli et al. [17] have indicated that ZnCl2 reacts with urea at room temperature

to form [Zn(urea)2Cl2]. The recorded infrared spectrum for this complex reveals the

presence of a O! Zn bond and the absence of N! Zn bonds. Accordingly,

at higher temperature the following reaction may take place:

5½ZnðureaÞ2Cl2� þ 18H2O �!
ca: 908C

2ZnCO3 � 3ZnðOHÞ2 þ 10NH4Clþ 8CO2 þ 10NH3

The thermal decomposition of the 2ZnCO3 � 3Zn(OH)2, (figure 3B) exhibits two

main degradation steps. The first step of decomposition occurs at a maximum

temperature of 2708C and is accompanied by a weight loss of 9.79%, corresponding

to the loss of 3H2O in agreement with the theoretical value of 9.83%. The second

step of decomposition occurs at 3528C and is accompanied by a weight loss of

15.89%, corresponding to the loss of 2CO2 giving ZnO as a final product. The infrared

spectrum of the final product shows only the bands associated with the oxide.
Accordingly, the following mechanism is proposed for the thermal decomposition

of the 2ZnCO3 � 3Zn(OH)2:

2ZnCO3 � 3ZnðOHÞ2 �!
270 8C

2ZnCO3 � 3ZnOþ 3H2O

2ZnCO3 � 3ZnO �!
352 8C

5ZnO þ 2CO2
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