
Introduction

Cholesterol, or a closely related sterol, is an essential

structural component of the plasma membrane of vir-

tually all eukaryotic cells [1]. Cholesterol is a potent

modulator of the bulk physical properties of biologi-

cal membranes [2] and the presence of cholesterol or

cholesterol-rich phospholipid domains in membranes

can modify protein conformation and function. The

concentration of cholesterol in plasma is maintained

by biosynthesis through the endogenous pathway and

absorption of dietary and biliary cholesterol through

the exogenous pathway. In the endogenous pathway,

cholesterol is synthesized by the liver and

extrahepatic tissues and secreted into plasma,

whereas the intestine is the primary site of the exoge-

nous pathway of dietary cholesterol uptake [3]. Cho-

lesterol is markedly enhanced in patients with obe-

sity. It is quite clear that cholesterol synthesis in

excessively enlarged adipose tissue covers insuffi-

ciently the markedly enhanced overall cholesterol

formation in obesity.

Patients with obesity hope to control mass by

consuming as much energy as possible in sports. Cho-

lesterol and fattiness in body are rich in energy and

heat. Thus, measurement of the thermo-chemical

properties of cholesterol is very important. In the

present study, we tried to measure the standard molar

enthalpy of formation of cholesterol by combustion

heat between 193.15 and 213.15 K. The molar

enthalpy and entropy of fusion, heat stability of cho-

lesterol were also evaluated with DSC technique.

Experimental

Materials

Anhydrous cholesterol (formula: C27H46N46O; molec-

ular mass: 386.66 g mol
–1

) was bought from Bodi

Chemical Corporation of Tianjin. Its molecular struc-

ture is shown in Fig. 1.

Methods

Measurement of enthalpy of combustion

The combustion heat of cholesterol was measured by

bomb combustion calorimeter (Changsha Instrumen-

tal, SF-GR3500). The temperature of the water ther-

mostat was maintained at T=298.15 K. The water

temperature in the caloritube was subsequently ad-

justed to lower than that of the water thermostat. A

known amount of double-distilled water was added

into the calorimeter. When the sample was placed in

the crucible fixed on the support in the rotating-bomb,

the Ni wire was fixed in the bomb. After the bomb

was filled with 2.4 MPa oxygen gas, it was sealed.
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Fig. 1 The structure diagram of cholesterol
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Before the calorimetric test, the calorimeter was set

up well. It was important to keep up a constant tem-

perature change rate in the calorimeter at the begin-

ning of the experiment. In the early period of the ex-

periment, the magnitudes of the temperature were

recorded vs. time typically with one entry every 5 s.

Then the sample was ignited until the main period of

the combustion reaction was finished. In the later pe-

riod of the experiment, the magnitudes of the temper-

ature were recorded as in the early period of the ex-

periment. After the experiment was accomplished, the

final products of the combustion reaction were ana-

lyzed. The change of temperature was recoded. The

analysis methods have been discussed in the literature

[4]. The analytical results of the final solution showed

that the combustion reactions were complete. Neither

carbon deposits nor carbon monoxide was formed

during the combustion reactions. The amount of NOx

in the final gas was insignificant. The NIST Standard

Reference Material, benzoic acid, was used to cali-

brate the combustion calorimeter [5].

Measurement of molar heat capacity of cholesterol

Heat capacity of cholesterol was measured by Isother-

mal Calorimeter (Thermometric AB,

TAM Air 3114/3236). TAM Air is an isothermal heat

conduction calorimeter operating in the milliwatt

range. All eight calorimetric channels are mounted to-

gether to form a single heat-sink block housed in a

temperature controlled air thermostat. Each calori-

metric channel is constructed in twin configuration

with one side for the sample and the other side for a

static reference. The twin configuration of sample and

reference within a channel allows the heat flow from

the active sample to be compared directly with the

heat flow from the inert reference. The voltage differ-

ence is a quantitative expression of the overall rate of

heat production in the sample. Heat capacity can be

determined from a stepwise change of temperature

[6, 7]. Upon a stepwise change of temperature, the up-

ward response of the instrument indicates the

exothermal process. �-Al2O3 (He Lian Chem. Ltd,

50 �m particle size) was used as a reference material

to test the accuracy of measurement of heat capacity

by the Calorimeter. Before measurement, �-Al2O3

was heated at 1273.15 K for 2 h. The final data from

298 to 300 K is 78.95�0.26 J K
–1

mol
–1

, which is in

accordance with the reported results [8, 9].

Enthalpy of phase transition and heat stability of

cholesterol

DSC experiments were carried out in a differential scan-

ning calorimeter, TA DSC Q10 from TA Instrument.

The instrument was calibrated using the indium before

the measurement. About 6.4 mg cholesterol was used

and it was encapsulated in the sealed pans in each exper-

imental run. The heating rate was 10 K min
–1

, and the

temperature range was from 300 to 440 K.

Results and discussion

The constant-volume energy of combustion of choles-

terol, �
r m
U

�
, was –14358.4�20.6 kJ mol

–1
, which was

determined by a rotating-bomb oxygen combustion

calorimeter. The detailed values were summarized in

Table 1. The standard molar enthalpy of combustion

of cholesterol, �
r m
H

�
, refers to the combustion

enthalpy change of the following ideal combustion re-

action at T=298.15 K and P=101.325 kPa.

C H O O CO H O
27 46 2

( ) ( ) ( ) ( )s g g l� � �38 27 23
2 2

The standard molar enthalpy of combustion of

cholesterol at T=298.15 K was calculated from the

constant-volume energy of combustion at

T=298.15 K by the following equation.

� � � � �
r m r m r m
H U pV U nRT

� � �
	 � 	 �( )

where n was the total amount (in mol) of gas present

as products or reactants, n=nproductor–nreactant=–11 mol,

R=8.314 J mol
–1

K
–1

, T=298.15 K. We can obtain the

standard molar enthalpy of reaction,

�
r m
H

�
=–14385.7 kJ mol

–1
. With the standard

enthalpy of formation of CO2(g) and H2O(l) at

298.15 K, the standard molar enthalpy of formation of

cholesterol can be obtained, �
f m
H

�
=2812.9 kJ mol

–1
.

The enthalpy of combustion reaction of choles-

terol can also be estimated by the average bond

enthalpies without considering the intermolecular

forces [10]. � 

r m
H

�
	 (bond enthalpies of bonds bro-

ken)-
 (bond enthalpies of bonds formed). The molar

enthalpy of combustion of cholesterol can be calcu-

lated from the average bond enthalpies in [11],

�
r m
H

�
=–15522 kJ mol

–1
. The process of calculation

was shown in Table 2. This value is higher than ob-

tained from combustion experiment because the aver-

age bond enthalpy is smaller than the bond enthalpy

of C–C of cholesterol with polycyclic structure.
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Table 1 The constant-volume energy of combustion of cholesterol at 298.15 K

1 2 3 4 5 Average/kJ mol
–1

14361 14335 14388 14365 14343 14358.4�20.7



The heat capacities of cholesterol were measured

by the calorimeter over the temperature range from

313.15 to 301.15 K. The result was shown in Figs 2

and 3. The temperature increment for each experi-

mental point was about 2 K in the whole temperature

range. No phase transition was observed in this tem-

perature region. The data of the molar heat capacities

of cholesterol between 301.15 and 313.15 K are very

close to a straight line and can be represented to

within a few percent by the following equation with a

correlation coefficient of 0.9936.

C T
p,m

	� �4857 19 785.

To estimate the enthalpy of combustion of cho-

lesterol with a wide range of temperature, the follow-

ing recycle of thermo-chemistry was designed.

C H O O CO H O

C H

27 46 2

1 2

27 46

( ) ( ) ( ) ( )s g g l

H H

� � �
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38 27 23
2 2

� �

O O CO H O
2

( ) ( ) ( ) ( )s g g l� � �38 27 23
2 2

According to data in [12], it can be known that

C
p,m(CO )2

=44.22+8.79·10
–3

T–8.62·10
5
T

–2
,

C
p,m(O )2

=29.96+4.18·10
–3

T–1.67·10
5
T

–2
,

C
p,m(H O)2

=75.48.
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DSC curve (Fig. 4.) showed that the onset tem-

perature of the fusion of cholesterol was 421.15 K and

the peak temperature was 423.05 K. Before this tem-

perature, no phase transition was observed with in-

creasing temperature. The molar enthalpy and en-

tropy of fusion were determined as 25.10 kJ mol
–1

and

59.60 J K
–1

mol
–1

, respectively. Another paper has

studied the phase transition of cholesterol by adia-

batic calorimetry and suggests that there is a

solid–solid phase transition between 306 and 314 K
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Table 2 The estimation of molar enthalpy of combustion of cholesterol by bond enthalpies

Bond of reactants Number
Average bond

enthalpies/kJ mol
–1 Bond of products Number

Average bond

enthalpies/kJ mol
–1

C–H 45 413 C=O (CO2) 27·2=54 799

C–C 29 348 O–H (H2O) 23·2=46 463

C=C 1 614

C–O 1 358

O–H 1 463

O=O (O2) 38 495

Amount to 48922 Amount to 64444

� 

r m
H

�
	 (bond enthalpies of bonds broken)-
 (bond enthalpies of bonds formed) = –15522 kJ mol

–1

Fig. 2 The thermogenic curve in the process of measuring the

heat capacity of cholesterol.

Fig. 3 The relationship of molar heat capacity and temperature

of cholesterol



[13, 14]. But by DSC technique no change was ob-

served on thermogenic curve with temperature in-

creasing. Further work should be done to compare

these differences obtained from a variety of technique

and methods.

Conclusions

In recent year, researchers have pay attention to reaction

properties of biological material. As to the reaction

which biological material takes part in, one important

question lie at the heart of understanding the biological

change: How far toward completion does the reaction

proceed? As is same to common chemical changes, the

properties for biological reaction must obey the laws of

thermodynamics, which involved the changes of ther-

modynamic parameters. To understand the biological

reaction better, laws of thermodynamics should be ap-

plied in this kind of study [15, 16]. Therefore, the mea-

surement of thermodynamics of materials is important

for studying their properties in many aspects, such as in-

teraction between protein-nucleic acid, protein-enzyme

and protein-bilayer.
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Fig. 4 The relationship between molar enthalpy of combustion

and temperature

Fig. 5 DSC curve of cholesterol



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


