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Abstract

The heat capacities of berberine sulphate [(C,0H sNO4),SO,43H,0] were measured from 80 to 390 K by
means of an automated adiabatic calorimeter. Smoothed heat capacities, {H1—F>os15} and {St—Syos.15}
were calculated. The loss of crystalline water started at about 339.3£0.2 K, and its peak temperature was
365.840.6 K. The peak temperature of decomposition for berberine sulphate was at about 391.4+0.4 K by
DSC curve. TG-DTG analysis of this material was carried out in temperature range from 310 to 970 K.
TG and DSC curves show that there is no melting in the whole heating process.

Keywords: berberine sulphate, DSC, molar heat capacity, TG-DTG, thermal analysis

Introduction

Berberine sulphate is a kind of benzyl isoquinoline alkaloid. Its structure is as follows:
H;CO =N O
0 S04-3H,0
0]

It exists in many plants and can be extracted from these plants [1]. Its molecular
formula is (C;0H§NO,4),S04-3H,0. The berberine has effects of anti-bacteria, anti-
inflammation and restraining the growth of tumor cells [2].

As a raw material of drug, the thermodynamic properties of the berberine are
significant not only in its further theoretical studies but also in its clinical applica-
tions. Heat capacities determinations of various compounds have attracted many re-
searchers’ attention [3—12]. Giron has reviewed the applications of thermal analysis
and coupled techniques in pharmaceutical industry [13]. To our best knowledge, till
now there is no any report about study of thermal behavior of berberine sulphate. In
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order to provide accurate thermodynamic data, the thermal behaviors of berberine
sulphate were systematically investigated by using an adiabatic calorimetry, DSC
and TG-DTG in the present study.

Experimental

Adiabatic calorimetry

The heat capacity measurements were performed by means of a high-precision auto-
matic adiabatic calorimeter over the temperature range from 78 to 400 K. The mass of
berberine sulphate used for the heat capacity measurements was 1.1047 g, which was
equivalent to 1.3425 mmol based on its molar mass of 822.84 g mol™'. The principle
and structure of the adiabatic calorimeter were described in detail in our previous
publications [3, 8, 11, 14, 15]. In order to verify the accuracy of the calorimeter, the
molar heat capacity measurements of the reference standard material, a-Al,Os, were
made prior to heat capacity measurement of berberine sulphate. The deviations of our
experimental results from the smoothed curve lie within £0.1%, while the inaccuracy
was within £0.2% compared with those of the National Bureau of Standards [16] in
the entirely experimental temperature range.

TG-DTG analysis

A thermogravimetric analyzer (Model TGA2950, TA Instruments, USA) was used for
TG measurements of the berberine sulphate under high purity (99.999%) nitrogen atmo-
sphere. The heating rate was 10°C min "' and the flow rate of nitrogen was 30 mL min ™.

DSC analysis

A differential scanning calorimeter (DSC141, Setaram Co., France) was used to per-
form the thermal analysis of berberine sulphate. The heating rate was 10°C min ' and
the flow rate of nitrogen was 50 mL min .

Sample

The berberine sulphate sample [(C,0H1s§NO4)>SO4-3H,0] used in the present study
was purchased from Wako Pure Chemical Industries, Ltd. Its purity was proved to be
more than 99.0% by iodometry. The water content (3H,0) in the sample was ana-
lyzed and confirmed by Karl Fischer method.

Results and discussion

The low-temperature experimental molar heat capacities of berberine sulphate are
shown in Fig. 1. The temperature increment for each experimental point was about
3 K over the whole temperature range. The molar heat capacities of the sample ob-
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Fig. 1 C,~T curve of berberine sulphate obtained by adiabatic calorimetry

tained from high-precision automatic adiabatic calorimeter are fitted to the following
polynomials in reduced temperature (X) by means of the least square fitting,

Cpm(J mol ' K™1)=726.79+414.92X-6.3018X>-202.15X" +
+55.466X*+180.21.X° +66.126X° (1)

where X=(7-221)/133, T is the absolute temperature (K), the linear regression coeffi-
cient of the fitting, R*=0.9997. This equation is valid from 88 to 354 K. The standard
deviation of the experimental points from the smoothed values in this temperature re-
gion is within £0.5%. Thermodynamic functions of (CyoH;sNO4),SO43H,0 at se-
lected temperature intervals were obtained by calculation from the above polyno-
mial (Eq. 1) for the heat capacities, where

T

h c
Hy~Hogs15= J.Cp’de’ Sr=Sh0815= J. ; dr.

298.15 298.15

Values for the thermodynamic function data thus obtained are presented in Ta-
ble 1. The anomaly peak appears in the above Cy~T curve at about 358 and 368 K was
proved to be produced from sample decomposition by repetitive automated adiabatic
calorimeter (repeated in 3 times). The following TG-DSC experiments demonstrated
the decomposed process included loss of the crystalline water and releasing of CO.
The results obtained from the automated adiabatic calorimeter showed that there is no
thermal anomaly in the range of 80-352 K, which means that this material is stable in
this temperature range.

The results obtained by TG-DTG under N, atmosphere are shown in Fig. 2. Fig-
ure 2 shows that there are three steps of mass loss for berberine sulphate. In the first
step, it shows a mass loss of 6.5% at 319-354 K, which suggested that the residual
product should be (CyoH;3sNO,),SOy, as the theoretical mass loss (%) of 3 mol H,O
from (C20H13N04)QSO4D3H20 i1s 6.6% when the final residual is (C20H18N04)2804.
In the second step, the residual (CyoH§NO4),SO4 from the first step was further de-
composed at 354-425 K, with a mass loss of 7.2% corresponding to the generation of
2 mol CO from 1 mol of (CyH;sNO4),SO, (caled., 7.3%).
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Table 1 Calculated thermodynamic function data of (C,0H;sNO4),SO4-3H,0

7 G/ Hr—Hhog.15/ St=Sa0s15/ 7/ G/ Hr—Hhos.15/  St=Saos.15/
K  Jmol'K" J mol™! Jmol 'K K Jmol 'K Jmol! Jmol 'K

90 450.68 -107 -1110 230 754.78 —42.7 -228.9

95 454.9 -104.8 —1047 235 770.17 -39.98 -211.4
100 459.49 -102.6 -988.3 240 785.38 -37.21 —194.1
105 464.48 -100.4 -933.9 245 800.36 -34.38 -177
110 469.91 -98.24 —883.2 250 815.09 -31.48 —-160
115 475.81 -96.09 -835.9 255 829.52 -28.52 —143.1
120 482.21 -93.95 —791.8 260 843.66 -25.49 -126.3
125 489.14 -91.8 —-750.5 265 857.51 -22.4 —-109.6
130 496.61 —-89.65 ~711.8 270 871.1 -19.23 -92.99
135 504.67 -87.5 —675.4 275 884.48 -15.99 -76.39
140 513.33 -85.33 —641.2 280 897.71 —12.68 —59.84
145 522.59 -83.16 —609.0 285 910.91 -9.288 -43.32
150 532.47 -80.97 -578.5 290 924.21 -5.82 —26.83
155 542.97 —78.77 —549.6 295 937.76 -2.274 -10.362
160 554.08 -76.55 -522.2 298.15 946.53 0 0
165 565.79 —74.32 —496.1 300 951.79 1.35 6.082
170 578.07 —72.06 —471.1 305 966.53 5.052 22.51
175 590.91 —69.79 —447.2 310 982.29 8.831 38.91
180 604.26 —67.49 —424.3 315 999.39 12.69 55.28
185 618.09 —65.16 -402.2 320 1018.2 16.62 71.64
190 632.35 —62.81 -380.9 325 1039.3 20.63 87.96
195 646.98 -60.43 -360.3 330 1063 24.71 104.25
200 661.93 -58.02 -340.2 335 1090 28.86 120.51
205 677.14 —-55.57 -320.7 340 1121 33.08 136.7
210 692.55 -53.08 -301.6 345 1156.6 37.37 152.8
215 708.08 -50.56 -282.9 350 1197.6 41.73 169
220 723.67 -47.99 —264.6 355 1245.1 46.16 185.1
225 739.26 -45.37 —246.6

According to the mass loss in each step as mentioned above, a possible mecha-
nism of the thermal decompositions may be described as follows:

(C20HsNO4),804-3H,0 28334 3105 (Cy0H 5N O4),S04

and
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Fig. 2 TG and DTG curves of berberine sulphate under high purity nitrogen
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Fig. 3 DSC curve of berberine sulphate under high purity nitrogen

(C20HsNO4),SO4 224458205 (C4H 5N O3),SO4

No further mass loss in the TG curve was observed until (C,9H;3sNO3),SO4 was
decomposed at about 480 K. The total mass loss (%) was 48.3% at the temperature of
970 K.

Figure 3 indicates DSC experimental results (repeated in 6 times) of berberine
sulphate sample. The first large endothermic peak in Fig. 3 can be ascribed to the loss
of crystalline water contained in berberine sulphate sample. The loss of crystalline
water started at about 339.3+0.2 K and its peak temperature was corresponding to
365.840.6 K. The second large endothermic peak of Fig. 3 can be assigned as decom-
posing peak of berberine sulphate, which corresponds to a peak temperature of
391.440.4 K. Further melting point experiment demonstrated that no melting process
of the sample was observed in the whole process. This means that the results obtained
with melting point experiment are in good agreement with those obtained by DSC.
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