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ABSTRACT

Molar extinction coefficients of bio-molecules such as, amino acids (gly-
cine, alanine, serine, cysteine, aspartic acid, asparagine, threonine, pro-
line, glutamic acid, glutamine, valine, methionine, histidine, leucine, lysine,
arginine, phenylalanine, tyrosine, tryptophan), fatty acids (lauric, myris-
tic, palmitic, stearic, arachidic, behenic, lignoceric, cerotic, montanic,
palmitoleic, oleic, brassidic, nervonic, linoleic, linolenic, arachidonic,
eicosapentaenoic, docosahexenoic), and carbohydrates (glyceraldehyde,
erythrose, arabinose, glucose, sucrose, raffinose) have been determined
inthe extended photon-energy region 1 keV to 100 GeV. Calculations have
been carried out using acomputer program (WinXCom) based on amod-
ern data base of photon interaction cross-sections. It isfound that, differ-
ent bio-molecules having the same molecular formula have same molar
extinction coefficient values varying within small uncertainty. These coef-
ficients have been found to depend upon the photon energy following a
nine-parameter polynomial. It is also found that these coefficients are
independent of the nature of the binding between the various atoms and
depend mainly on the number and nature of atoms. Theoretical valuesfor
the molar extinction coefficient are compared with experimental values. A
good agreement has been obtained between the theoretical values and
experimental results. © 2008 Trade Sciencelnc. - INDIA
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Thestudy of absorption of gammaradiationsinma
terid sof biological importance hasbeen animportant
subject inthefield of radiation physicsandispotentialy
useful inthedevel opment of semi-empirica formula
tiongY. Sincegamma-activeisotopesare usedin medi-
cine, biological studies, research and agricultureand
industry etc.*2, athorough knowledge of theinterac-
tion of photonswith biologically important substances
such ascarbohydrates, amino acidsand fatty acidsis
desirable. Amino acidsarethemain componentsof bio-
logical membrane. Proteinisneeded by every living

organism, and next to water, makes up thelargest por-
tion of our body weight sinceit ispresent in muscles,
organs, hair etc. Amino acids arethebuilding blocks of
protei ns, which arethe most abundant macromolecules
inliving cdlsand condtitutethelargest livingmatterinal
types of cells. One of the most important classes of
compounds used by plant and animal systemsfor en-
ergy storage consistsof fatsand oils. Hydrolysisof a
fat or anoil yieldsglycerol and carboxylic acids, the
latter commonly known asfatty acids. Carbohydrates
arethe most abundant class of biological molecules
found inal living organisms. Carbohydratesinclude
sugars, starch, cellulose and many other compounds
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TABLE 1: Molecular for mulae of bio-moleculesstudied in

the present work
S.no. Amino acids
1 Glycine (CH50,N)
2 Alanine (C3H;O,N)
3 Serine (C3H;O3N)
4 Cysteine (C3H;0,NS)
5 Aspartlc acid (C4H704N)
6 Asparagine (C4HgO3Ny)
7 Threonine (C4;HyO3N)
8 Proline (CsHyO:N)
9 Glutamic acid (CsHgO4N)
10 Glutamine (CsH100O3N)
11 Valine (C5H1102N)
12 M ethionine (CsH110:NS)
13 Histidine (C6H902N3)
14 Leucine (CgH130,N)
15 LySine (C6H14OZN2)
16 Arginine (CsH1402N4)
17 Phenylalaning(CoH1102N)
18 Tyrosine (CoH1,O3N)
19 Tryptophan (C11H1205N5)
Fatty acids
20 Lauric acid (C12H2402)
21 Myristic acid (C14H2802)
22 Pal mitic acid (C16H3202)
23 Stearic acid (C18H3602)
24 Arachidic acid (CyoH4005)
25 Behenic acid (CyoH4405)
26 Lignoceric acid (Cy4H4g0,)
27 Cerotic acid (C26H5202)
28 M ontanic acid (CZBHSGOZ)
29 Pal mitoleic acid (C16H3002)
30 Oleic acid (C18H3402)
31 Brassidic acid (Cy2H300,)
32 Nervonic acid (Cy4H3502)
33 Linoleic acid (C;gH3,05)
34 Linolenic acid (C,gH3002)
35 Arachidonic acid (CyoH3205)
36 Eicosapentaenoic acid (CyoH3005)
37 Docosahexenoic acid(CyoH,605)
Car bohydrates
38 Glyceraldehyde(CsHgO5)
39 Erythrose (C4HgO4)
40 Arabinose (CsH100s)
41 Glucose (CgH1,0g)
42 Sucrose (C12H22011)
43 Raffinose (C18H32()_|_6)
44 Starch ((CsH100s)n)

foundinliving organisms. These, intheform of sugar
and starch, represent amajor part of thetotal caloric
intakefor humans, plants, animd lifeand many micro-
organisms, and are necessary for the growth of body
tissues.

Themolar extinction coefficient,e, iscommonly used
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by spectroscopi stswhen deding with the attenuation of
abeamof light (ultraviolet, visbleor infrared) passing
through asolution. Themolar extinction coefficientis
animportant intrins c parameter and reliablevalues of
thisparameter arerequiredin many scientific, engineer-
ingand chemica disciplinesinvolving photointeractions.
Inliterature, there are only few reports on molar ex-
tinction coefficientsfor amino acidd¥, faty acids® and
carbohydrates®. Moreover, thesereportsarerestricted
to gammaenergies below 1330 keV, that too only at
some specific energies. Thishas prompted usto carry
out the present work. Thus, the present study wasun-
dertakento get rigorousand exhaugtiveinformation on
themolar extinction coefficientsfor total gammaray in-
teraction above 1330 keV, at which no experimental or
theoretica attemptshaveseemto beavailable.

Inthe present work, theval uesof themolar extinc-
tion coefficientsof bio-molecules, suchasamino acids,
fatty acidsand carbohydrates (TABLE 1) have been
derived in the photon-energy regionfrom 1 keV t0 100
GeV, by using totd massattenuation coefficientsca cu-
lated by the WinX Com program®. Wherever possible,
the cal culated val ues are compared with published ex-
perimental data.

THE METHOD OF COMPUTATION AND
THEORETICAL BASIS

A narrow beam of mono-energetic gammarayswith
incidentintengity | , penetrating alayer of materid with
thicknessx, and density p, emergeswithintengity |, given
by theexponentia atenuationlaw (Lambert-Beer law):
1=l e», )
where  is the linear attenuation coefficient of the
materid (cnr).

Thechangeintheradiation intensity, dl, duetoin-
teractioninthemedium during its passage through ma-
terid isgiven by,

-dl = ol Ndx, )
where N isthe number of molecul es per unit volume
and oisthetotal interaction cross-section of thecom-
pound, having the dimensionsof area(m?) called the
probability of interaction and may bevisuaized asthe
area, which hasto be hit by the photonsin order to
causeinteraction.
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whereM isthemolar mass(g/moal), N, istheAvogadro
number. il pisthetotal photon massattenuation coef-
ficient of the bio-mol ecules and can be cal cul ated by
‘mixturerule’™,

()

where w. and (u/p), are the weight fraction and the
mass attenuation coefficient of thei™ constituent ele-
ment, respectively. For achemica compound, thewe ght
fraction, w, isgiven by;

W A

' Z n; A ®)
wheren and A arethenumber of formulaunitsand the
atomic weight of thei™ element. The computer pro-
gram WinX Comi® has generated theoretical values of

the mass attenuation coefficient for the bio-molecul es.
Equation (2) may bewritten in termsof molar concen-
trationby usingN =N c,

-dl=cIN,cdx, (6)
Integration leadsto
I=I,exp(-oN,cx), 7

Thisexpressonisessantidly identical totheso cdlled
‘Lambert—Beer law’ whichisused to describeradia-
tion attenuation (eq.1). For practical purposes, thefol-
lowingformispreferred:

In[ll—oj = —oN ACX ©)

Inphysica chemistry, eg. (8) iscommonly written
inthefollowing form™, known asBeer’slaw:
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Figurel: Energy dependenceof themolar extinction coefficient of amino acids: (a) Glycine (polynomial wasfitted to &
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Figure2: Energy dependenceof themolar extinction coefficient of somefatty acids: (a) Lauricacid; (b) Myrigticacid,;

(c) Palmiticacid; (d) Searicacid; (e) Oleicacid
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Figure3: Energy dependenceof themolar extinction coef-
ficient of some carbohydrates: (a) Arabinose; (b) Glucose
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Figure4: Ener gy dependenceof themolar extinction coef-
ficient of amino acids. Thenumbersinthegraph repre-
sent thecorresponding molecules(Ref. TABLE 1)

speciesand gisacongtant of proportionality caled the
molar extinction coefficient. Please notethat the base
of thelogarithm hasbeen changed. Molar extinction
coefficient depends upon the wavelength of theinci-
dent radiation and isgreatest wherethe absorptionis
most intense. Itsdimensionsare 1/(concentration-path
length). Themolar extinction coefficient isusuadly ex-
pressed in| mol™ cm?, however the alternative units
arec? mol 2. Thischangein unitsemphasizesthe point
that, € isamolar cross-section for absorption anal o-
gousto the mass attenuation coefficient, u/pand the
greater the cross-section of the compound for absorp-
tion, thegreater itsability to block the passage of the
incident rediation.
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Figure5: Energy dependenceof themolar extinction coef-
ficient of fatty acids. Thenumber sinthegraph represent
the corresponding molecules(Ref. TABLE 1)
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Figure 6: Energy dependence of the molar extinction coeffi-

cient of some fatty acids and carbohydrates. The numbersin

the graph represent the corresponding molecules (Ref.

TABLE 1)
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Comparing egs(8) and (9), wehave
e=oN,log, e=0.43430N, (10
RESULTSAND DISCUSSION

Thetota massattenuation coefficients, 1/ p, of al
thebiologica compounds studiedinthe present work
(TABLE 1) areca culated by using WinX Com com-
puter program. Thevauesof themolar extinction coef-
ficients, &, are determined by Eq. 10. It is observed
fromfigures1-6that, for all thebiologica compounds,
the e valuesare very much high at lower energiesas
compared to thevaluesat high energies. It isbecause
of thefact that, themain contributionto thetotal inter-
action cross section is dueto incoherent (Compton)
scattering. It isdueto the presence of low-Z elements
suchasH, C, N, and O, because for these el ements
photoel ectric and coherent (Rayleigh) scattering cross
sectionsarenegligiblein comparisontototd interaction

crosssections. It isa so observed that, thevariationin
€ with chemica compositionislargebeow 10keV and
amost negligiblethereafter.

Thevariaion of themolar extinction coefficient with
the photon energy of gammaraysisshowninfigure la
for glycine, starsindicatesthe experimentd vaues. The
energy dependence of molar extinction coefficient mir-
rorsthedominating absorption processesinthevarious
energy ranges. From the figures 1-6 it can be easily
seen that, there arethree energy regions, where photo-
el ectric absorption, Compton scattering and pair pro-
duction, respectively, arethe dominating attenuation
processes. Thebehavior of dl thebiologica compounds
isamost identica except cysteine (Figure 1b) and me-
thionine (Figure 1c). In case of cysteine and methion-
ine, therearetwo valuesfor molar extinction coeffi-
cientsat 2.47keV dueto thesulfur K-absorption edge.
Thevdue 12,396cm? mol* isvaid immediately below
the absorption edge, and 38,202 cm? mol-* immedi-
ately abovethe absorption edgefor cysteine. Theval-
ues 14,081cm? mol and 39,887cm? mol* arevalid
immediately bel ow and abovethe absorption edgefor
methionine

The energy dependence of the molar extinction
coefficient of al bio-molecules can bedescribed by a
9" degree polynomid:
&=A+BE+BJF*+BE*+BE'+BE>+BE®
+BE’+B,E*+BE®
where gisin cm? mol, E istheenergy of photonsin
MeV, and A and B, are constants.

Foreg., Atypicd curvefor glycineisshowninfigure
la Inthecaseof glycine, thecongtantsare A=0.33977,
B, = -0.43305, B, = -0.14861, B, = 0.03651, B, =
0.08765, B, =—0.02697, B, =—0.00365, B, = 0.00199,
B,=-1.61153x10*, B,=-2.74426x10°. Theresults
for the other bio-moleculesarevery similar to the ex-
amplegivenhere.

Reviewing thedatafor variousamino acids (e.q:
leucineand isoleucine: C.H,,O,N) and carbohydrates
(e.0: dlucose, fructose, gal actose, mannose: CH,,O,;
sucrose, maltose, lactose C ,H,,0, ,; &tc.) having the
same molecular formula, itisfound that the e values
remainthe sameand arethusindependent of thenature
of thebiological compound. So, inthe present gpproxi-
mation, it can be stated that, themol ar extinction coef-
ficientsareindependent of the nature of the binding
between the various atoms and depend mainly onthe

1)
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TABLE 2: Published valuesof molar extinction coefficients
(cm?mol) of somebio-molucules

Photon ener gy (keV)
81 356 511 662
580 3.60 320 2.80
566 348 3.00 2.68
840 510 450 3.90
7.93 487 420 3.76
9.00 550 470 4.20
9.04 556 481 4.29
870 530 470 4.20
871 539 465 4.16
890 5.60 490 4.30
898 556 480 4.29
1220 7.70 6.70 5.90
12.33 7.65 6.61 5.90
1560 9.74 841 751
1560 9.73 841 751
17.88 11.13 9.63 8.61
17.82 11.12 9.61 8.59
20.06 12.53 10.80 9.64
20.03 12.51 10.81 9.66
22.09 13.71 11.87 10.62
21.98 13.72 11.86 10.60
22.25 13.92 12.03 10.76 8.18 7.67
22.25 13.90 12.01 10.73 8.19 7.67
1140 7.10 6.10 5.40 4.20 3.80
11.35 6.98 6.01 537 4.09 3.83
1350 850 7.20 6.30 4.90 4.40
13.61 834 7.21 6.44 491 4.60
a Experimentally measured values for amino acids (Singh et al., [3]),
b Experimentally measured values for fatty acids (Sandhu et al., [4]).

¢ Experimentally measured values for carbohydrates (Singh et al., [5]).
d Theoretical values of present investigation obtained using WinXCom.

number and nature of atoms. Thismay be dueto the
fact that, the effect of chemical bonding between the
elementsisignored dueto the use of additively lawt¥,
Thischemica bonding effectisnegligiblefor photonsin
thelower energy region. Ingenerd, the chemical effect
ismoresignificant at higher energiesfor compounds.
Therefore, wefed that theimpact of the chemical bind-
ingonthemolar extinction coefficientsof bio-molecules
hasto berigoroudy studied experimentaly.

The present theoretical resultsarein very good
agreement with theexperimentd resultsof Singhetd.®
for amino acids, such asglycine, serine, theronine, pro-
line, valine, and phenylaanine. However, the energy
range studied by these authorsislimited to 81-1332
keV. Sandhu et al. have experimentally determined
molar extinction coefficientsfor somefatty acidsinthe
medium energy range, where Compton scatteringisthe
domineting attenuation process. Singh et . havemade
similar studies on some carbohydratesin the energy

Bio-molecules 1173 1332

2.10 1.90
2.05 1.92
290 2.70
2.87 2.68
3.20 3.10
3.28 3.07
3.40 3.30
3.17 2.97
3.30 3.10
3.28 3.07
4.60 4.30
450 4.22
5.72 5.37
5.73 5.37
6.53 6.14
6.55 6.13
7.39 6.85
7.37 6.90
8.06 7.56
8.08 7.57

Glycine
Serine
Threonine
Proline
Valine
Phenylalanine
Lauric
Myristic
Palmitic
Stearic
Oleic
Arabinose

Glucose

0000 QQU0 QT QT QT QYOO
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range 81-1332 keV. Their valuesarein good agree-
ment with the present cal culated values as seen from
figuresand TABLE 2. Theeffectiveatomic numbersin
someimportant amino acids, fatty acidsand carbohy-
drates have been studied by the authors € sewhere®19,

CONCLUSION

Themolar extinction coefficientsof biologica com-
pounds, such asamino acids, fatty acidsand carbohy-
drates have been cal culated as function of photon en-
ergy intherange 1 keV to 100 GeV using WinXCom.
Themolar extinction coeffic entsareindependent of the
nature of the binding between the various atoms and
depend mainly on the number and nature of atoms. In
literature it has been reported that!®®, for aparticular
solute, itsmolar extinction coefficient remains constant
with concentration of the solution and depends upon
thewavelength of theincident radiation, and also the
molar extinction coefficientsof soluteinitspuresolid
form and sol utions (sol utedissol ved in solvent in differ-
ent proportions) are same. So, the authors suggest that
the present resultson mol ar extinction coefficientsmay
be used for applicationsin scientific, engineering and
chemicd disciplines.
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