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Abstract
A rigid, easy grinded and highly stable cross linked poly (triethyl amine glyceryl malare) was synthesized by
condensation polymerization of a mixture of triethanol amine and glycerol with maleic anhydride. The synthesized
polymer was used as a stationary phase for HPLC to analyze some drugs like furosemide, atenolol, and amiloride. The
study investigate the effect ofphosphate buffer concentmtion and pH on the analysis ofthe drugs. The practical pH for
the drug sepraration was found to be 8, whereas, the eluent was 20% phosphate buffer and 80% methanol giving good
analysis results using isocratic elution. The retention times for Iiuosemide, atenalol, and amiloride were 4.64min,
7.05min, and 9.l6min, respectively. 'Ihe separation was improved by using elution gradient (0-20)% phosphate buffer
in methanol, flow ratelmVmin and wavelength 233nm. High recovedes were obtained for the drugs, in the range from
95-98%, by using the new columl. The obtained results were compared with commercial column ODS-CI8 and the
method ofanalysis was extended for determination ofthe drugs in pharmaceutical tablets as welt as in serum samples.
Introduction
Stationary phase materials are based on particles of a stationary phase for HPLC to separate some medicines
cross linked organic pol)rmer were in[oduced as packing like fi[osemide, atenalol and amiloride. Isocratic and
in column liquid. chromatography since the sixties ofthe gradient mobiles were applied for separation as well as
last centaury "'. Typical materials of this kind of the properties of the mobite was studied. The
stationary phase were polystyrene divenyl benzene investigation was extended to compare the results
clpolyrner (PS-DVB) and modified PS-DVB materials obtained from the new column with the commercial
'''. Howevel many workers have slmthesized polymer or cotumn q?e ODS-Cl8.
modified silica gel with polymers for chromatography Experimental
techniques to sepamte different type ofcbemicals o-7 ). Equip."nt.
Kwang-Pill Lee and co-workers _have prepared High performance liquid chromatography type
cyclodextrin (CD) polymer from the reaction of shimadzu(Japan) which consisted of a sysiem controller
cyclodextrin with hexamethylene diisocyante. The model SCL-I0AVP, A DEGASSER fr,tbOnmgu_ t Za,
polymer was conducted as a stationary phase for backing two liquid delivery pumps model LC-8AVP, UV-Visible
the HPLC column and used to separatc phenol isomers detector modelsfD_l0^Vp, and injector modet SIL_
(o, m, and p-nitrophenol) (8). 

l0A, equipped with 20ul sample loop were used. TheA temperature-responsive modified 
_ 

poly(N-isopropyl HpLC iystem has been interfaied wiih computer via a
acryl amide) surface was investigaled for HPLC with Shimadiu class-Vp5 chromatogaphy data system
aqueous media as a mobile pha5s {e-tD . program supplied by the manufainuei Epson Le-300
This polymer was found to be useful for separation of printer model pg52A.
steroids and amino acids and expected to applied in the Sonicator Sonerex model Super pK l03H Mandolin
pharmaceutical and biomedical fields. (Germany). Combination glass electrode was used to
Yokoyama et. al. have utilized new developed macro measure the pH of polymer solution (Germany). Two
porous polystyrene-divinylbenzene copolymer for blank stainteis steei columns, dimensions 25x0.4cm
separation ofamino acids.('''. (i.d.) were obtained locally.
On the other hand, separation 

. 
of medicines 

. 
Iike preparation of the (triethylamine glyceryl

fr[osemide. atenolol and amiloride has been widely maleate; copolyme/r8): 
'

investigated by HPLa ,."*tou"t. ,,, , A mixture of triethanol amine (7.45gm, 0.05mole) andRonald with his co-workers ('r) have .determined giriLri't+.0 r g-, o.osmole) were placed in a r00mlfurosemide in plasma and urinc by reverse-phase HPLC ioi.J-irn.- flask equipped with a thermometer andand fluorescence detection using Zorbax column(SB- ;i;. il" mixture was stirred for l5min, then maleicc816), while Sekikawa has determined fruosemide * -t va.ia" (14.7gm,o.lsmole) was added to the mixtureblood by using Shim-pack cLC-oDS, co,*y "1'. -a'rt "-i"-p..utu." 
raised gradually to l60c by sandMoreover' Luis and his workers have developed ,an t",t . rt 

" 
,"u"tion aixture was heated at this temperatureHPLC for determination ofatenolol in human plasma I''' roi ir,^ 

"uu.ing 
an increase in viscosity of the solution. The concentration were analyzed^-?^ *y::,{^: 

-o , 
".yr"Iir" 

polymer was formed. The final productliquid chromatography with fluorescerce detection 
"t *", *"Ji"a with warm water and methanol for several300nm wavelength' other workers. have 

_determinJd times, then dried in vacuum oven at 50c over night.atenolol by HPLC in pharmaceutical fo:l|r::'l.ll: r."p"irtioo or standard Drug SotutionsThc determination was carried our on a reversed ohase -1 :-
cl8 colurn using 0.1% 

",th. 
ph;;;;"l;;il;irl 1-^::::l '"'"'" or 50ppm or standard drugs were

::*lll*,z;g,;ir;;;;i;#l;,.y.i, *,r,t v- il:X':fliJ.'',:'ffi1iT*'t'yJi,iil'\:il'y1]
The present study was undertaken to evaluare the 1f:.t]]'"9 

5mg of the furosemide in mcthanol and then

erficiencv or using newlv ,*p",",r'"..p'rr'"". 
'l' 

li*:i",: "ttifi ;:f",":,*u".1 #:f ,Jli.."H
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atenalol and amiloride was followed. Other standard
solutions were prepared by subsequent dilution of the
stock solutions.
The solvent used to prepare these solutions before
injection into HPLC was the buffer that was usually used
as the mobile phase employed for their separation.

Results and Discussion
The synthesis of the cross liked co-polymer, used as

stationary phase in this work, was done via condensation
polymerization of a mixture of triethanol amine and
glycerol with maleic anhydride which produces a hard,
and rigid product. The degree of cross-linking has been

measured using polar, moderately polar and non polar
solvents that are usually used in HPLC such as (water,
acetone, acetonikile and hexane). The high degree of
cross linking of the copolymer prevent the solvation
process and for this reason it was difficult to determine
the molecular weight and the degree of polymerization.
The x-ray diffraction results showed that the polymer
have different crystalline forms. Swelling test for the
prepared polymeric stationary phase was performed
according to the ASTM procedure which indicate that the
swelling ranged froml%o-4%o as theoretically expected.
The solubility has been examined using different solvents
such as acetonitrile, benzene, chloroform, dioxane, DMF,
DMSO, hexane methanol and water. It is found that the
polymer was insoluble in all the above solvents. These
results were attributed to the high cross-linking of the
polymer. However, full detail of polymer
characterization has been described elsewhere 

(18) 
.

Column packing was done following down-flow packing
method(r8)of the homogenized slurry mixture of the
copolymer powder in 100m1 of acetonitrile. pH and
phosphate buffer concentration effect on these drugs
were examined and the results show that no drugs can be

detected at pH less than 6 or higher than 9.

The capacity factor I{ using methanol and phosphate
buffer as eluent at different pH were calculated as shown
in Fig (l).
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Figure ( I ) Plot of Capacity factor, versus pH, using
triethanolamine-glycerol-maleate column, flow 1ml /

min, detection wavelength 233nm and l0 ppm
furosemide, atenolol and amiloride sample

The separation factor (o) values for furosemide, atenalol,
and amiloride were in the following ranges (l .25-l .28),
(l .22-l .24), ( I .09- I . I I ), and (l .19-1 .27) at pH6, 7, 8, and

9, respectively. These variation in capacity factors and

separation factors of these analyes fnay indicate that the
pH:8 is the practical buffer can be used for
separation. The variation of the factor and
separation factor for these with different

in methanol)
ranged from 5o/o-20Yo are listed table(l).The results
exhibits a good competitive of these drugs
with the stationary phase and the mobile phase

of methanol at20o phosphate

Figure ( 2 ) chromatogrom of mixture of
0.2 amiloride (l) ,0.1 ppm of . Furosemide(2)
and 0.5 ppm ofatenolol (3) triethanolamine -

glycerol-maleate .Eluent
807oMeoH,flow rate I

buffer -
detection

wavelength
The order of interaction of the with the stationary
phase due to the retention time
order;

in the following

Amiloride > atenolol >
The interaction of these drugs
bonding between N-H group of
of the copolymer.

drug and O-H group

The separation of these drugs in was improved
as shown inby using gradient elution

Fig.(3).

Figure ( 3 ) chromatogram of of standard
mixture of 0.2 ppm furosemide l), ppm ofatenolol

(2) and 0.5ppm of (3), using
triethanolamine - glycerol - column. Eluent

in MeOH, flow
233nm.

gradient (0-20) %phosphate
rate lml\min at

The new column performance
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Table (1) Capacity I{ and separation o factor varation with changing of composition of mobile phase for drugs
using triethyl amine{lyceryl-maleate column.

compounds

Percentage ofphosphate buffer in mobile phase

5%(0.01m)
of buffer

l0%(0.02m)
of buffer

l s%(0.04m)
ofbuffer

20%(0.0sm)
of bufier

25%(0.06m)
ofbuffer

k q k q ft R o ti
Furosemide 2.95 1.98 1.86 1.52

Atenolo 3. t4 L06 2.49 1.26 2.15 l.l6 1.85 1.22

Amiloride 4.98 1.59 3.',l 5 1.51 2.74 1.28 2.34

Figure (2) shows a chromatogram of the separation of three drugs; 0.2ppm furosemide, 0.1ppm atenalol and 0.5ppm
amiloride, using isocratic elution of 20% phosphate buffer and 80% methanol at pH:8, flow rate of lmVmin and
wavelengrh of233nm. The retention time and other parameters for separution ofthe drugs are tisted in table (2).

Table (2) retention tim€ (tr) capacity and separstion (o) fectors, resolution and peak asymmetry for drugs using
tdethyl amine.glyceryl-mdeate column, eluent gradient 20olo phosphate buffer-8o7o MeOH, flow rate lmUmin

and det€ction 233nm

Hence, amiloride, atenalol and furosemide samples were
chromatogmmed on C-18 with flow rate of 0.8mUmin.
The mobile phase for elution ofthe drugs was as follows:
amiloride; a mixture of 60% phosphate buffer and 40%
methanol at pH 2.6 gaye retention time of 3.35 min, for
fi.nosemide was 46%o methimol and 54% phosphate
buffer at pH 2.0 gave retention time of 23.35 min. While
for atenalol the mobile was 650Z methan ol-5% THF -30%o
buffer phosphate at pH 2.6, the rctentioo time was
7.55min.

The separation of the mixture cannot be performed
because of the different in the composition of the mobile
phases. Therefore, ODS-Cl8 was a very good column for
the determination of each drug individually.
Quantitatiye analysis was studied from the constuction
of calibration curves for the drugs. The linear calibration
curves for atenolol, amiloride and furosemide are shown
in Fig (4).

Capacity
factor

Separation
factor o

Resolution Peak
Asymmeky

Furosemide 4.65 1.52 t.t4
Atenalol '7 .05 1.85 1.22 1.22 0.99
Amiloridc 1.27 1.45 1.02
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Furosmirk
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Figure ( 4 ) calibration curves for the drugs using triethanolamine -glycerol-maleate
20) %phosphate buffer in methanol

Eluent gradient (0-

The linear equation and concentration range with the

detection limit using the trietyl gelyceryl maleate

polymer andODS-ClS columns, eluent gradient (0-

Table (3) Linear equation, gorrelation coefficient and detection limits for the drugs using types of columns

20)%phosphate buffer ln methanol rate of lmUmin
at wavelength 233nm are listed tn (3).

Atenolol

E
clo

30000

20000

10000

0

0 51015
Conc. (ppm)

Amiloride

p
E
6i
q)

30000

20000

10000

0

0 51015
Conc. (ppm)

Triethyl amine-glyceryl-maleate column

ppm)Conc. Range R Detaction Limit (Compounds
Linear Equation
{*: 6y* 1f

0.1 -1 0 0.9998 0.1Furosemide Y :56221.6x -35273.4

0.050.05-10 0.9997Atenalol Y:58962.Ix -37301.6

0.9998 0.05Y59495.9x -38576.2 0.05-10Amiloride

t67
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ODS-CI8

The slopes for the linear calibration curves using
triethanolamie-glycerol-maleate column ranged from
56221.6 to 59495.9 depending upon the kind of the
drugs.
The correlation coefficients ranged from 0.9996 to
0.9998 with detection limit ranging from 0.05 to
0.lOppm. While for ODS-CI8, the slopes for the linear

Table (4) Recovery and percentage relative error ofdrugs eluted on two columns for the drugs using gradient
eluent (O-201o/o phosphate buffer in methanol.

Triethyl amine-glyceryl-maleate column

Drugs Conc. Injected (ppm) Conc.Found (calculated)
(ppm) Recovery %

Relative
Enor%o

Furosemide 3.00 2.94 98.00 2.00
Atenalol 1.50 1.46 97.37 2.67
Amiloride 1.00 0.95 95.00 5.00

ODS-C18

Drugs
Conc. Injected
(ppm)

Conc. Found
(calculated) (ppm)

Recovery
%

Relative Error
%

Furosemide 5.00 4.91 98.2s 1.80
Atenalol 5.00 4.86 97.21 2.80
Amiloride 5.00 4.77 96. l5 4.60

Solutions of furoremide, atenalol and amiloride obtained
from three different tablets were analyzed using triethyl
amine-glyceryl-maleate column, mobile phase was
gradient (0-20)% phosphate buffer in methanol, flow rate
lmUmin at wavelength 233nm. The %RSD are;
0.845%.0.841% and 0.809oh for furosemide, atenolol and
amiloride, respectively are listed in table (5).

calibration curves of the analyzed drugs ranged from
23935.6 to 28636.9. The detection limit for the three
drugs was 0.05ppm. Standered solutions were injected
for the at least three times under the same condition for
both columns triethyl amine-glyceryl-maleate and ODS-
Cl8. The results are listed in table (4).

The drugs, also, were determined in serum under the
same column. The value for furosemide ranged from
16.77- 17.86 after two hours, while for atenolol ranged
fuom 45.44-46.87 after two hours and for amiloride
ranged from4.23-4.41 after two hours.

Compouds
Linear Equation
Yr.:mx:|. +b Conc. Range R Detection time(ppm)

Furosemide Y :28636.9x -22922.2 0.05- l0 0.9998 0.0s

Atenalol Y:26758.Ix -20244.6 0.0s-10 0.9997 0.0s

Amiloride Y =23935.6x -18138.4 0.05-10 0.0s
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Table 5 Analysis of amiloride(5mg), furosemide (20mg ), and atenolol (50mg) in tablets
glyceryl-maleate column.

companies Amiloride Furosemide Atenalol

Samara

Wt.(mg) injected 5.00 20.00 50.00

Wt.(mg) calculated 4.98 19.95 49.97

Recovery o/o 99.25 99.77 99.42

India

Wt.(mg) injected 5.00 20.00 50.00

Wt.(mg) calculated 4.484 17.98 48.12

Recovery oZ 96.24 88.28 95.64

Egvpt

Wt.(m ingected g) 5.00 20.00 50.00

Wt.(mg) calculated 4.91 18.84 48.53

Recovery o% 98.1 6 94.23 97.44

Reffrences
l- Yury A. Zolotov, Macrocyclic Compounds in Analatical
Chemistry, 94,533, (1997).
2- Sentell, K., B., Dorsey, J. C. Anal. Chem..6l, 930,
(le8e).
3- Kanazawa, A., Hideko, K., Tastuo, S., Yoshikazu, M.,
Anal. Chem..72, 5961 -5966, (2000)
4- Kobayashi, M., Jun, K., Akihiko, K., Kiyoto, S., Teruo,
O., Anal. Chern.. 73,2027-2033, (2001).

5- Eri Ayano, Hideko Kanazawa. Joumal of Separation
Science vol.29 lssue 6P.738-749 (2006).

6- C., Coors, R. Matusch. Journal of High Resolution
Chromatography, Vol. l0,lssue 7 P. 412-414 (2005).
7- Ch.-Y. Hung and Ch.-Ch. Hwang Acta
Chromatographica No. I 8 P. 106-l I 5 (2006).
8- Kwang-Pill LEE, Seong-Ho Choi, Analytical Sciences,
18, 1046-1049 (2ool).
9- Kanazawa A., Hideko K., Eri A Chikako s., Rieko Y.,
Akihiko K. Teruo O., J. Chromatogr., 1106, 152-158
(2006).

10- Khaledi, R., S., Morteza, G., H.,
21, 20-35, (2001).
ll- Sunamoto, M., Yoshinaga and
Chromatography. A, 47, 37 3, (1999).
12- Yokoayama, T., Miura,
Chromatography, 47, 493, (I 990).
l3- Roland V., K., Hilgers, M., P.,

Pharm. Sci. 7, 322-326, (2006).
14- Sekikaw, H., Yagi, N., Oda, K.,
M., Biol. Pharma., 18,447-453, (l
15- Luis, R., P., Silvana, A., C.,
Pharm. Sci. 5, 2 (2004).
16- Kumar, R., A., Prasad, A.,
Pharm. Sci. 5, 233-240, (2004).
17- Santos, S., R., Papini, O.,
Medical and Biological research, 33, I
l8- Gazwan A. Salman, M.Sc.
University (2005).

169

triethyl amine-

Chromatographia

M., Funazo,

K., Tanaka, J.

K., H., AAPS

H.,Takada,

ose, P., K., AAPS

Jose P., K. AAPS

C., E., Journal of
(2003).

Thesis A1-Nahrain



First Scientific College of Science ,University of Tikreet

Optical Properties Of Pure Tin Oxide (SnQ) Thin Film and Doped with (Cu)
Prepared By Chemical Spray Pyrotysis Technique

Hussein Khudhayer Mohammad
Department of Physics , College of science,Ilniversity of Tikreet , Tikreet, Iraq

Abstract
In this work the effect of Cu impurities on the optical properties of SnO2 thin films studied which prepared by chemical
spray pyrolysis on glass substrates at temperature 773K, the molarity of the solution was (0.IM)
To obtain the optical parameters, the absorption and transmittance spectra were recorded in the wave length range (300-
720)nm.
The calculated energy gap for direct transitions is 3.8 eV for pure sample and 4 eV for doped one.
Also the absorption coefficient, reflectivity, refraction index, extinction coefficient, real and imaginary parts of
dielectric constants as a function of photon energies for pure and doped samples were calculated.
Introduction
It is not understatement to say that thin-film advance
techniques have, in the past three decades, fundamentally
changed both condensed matter physics and everyday
life. Well established thin-film technologies are used to
grow the integrated circuits in our computers, cell
phones, and palm pilots, while novel effects in thin films
continue to be discovered and explored by both solid-
state physicists and optical physicists. Many of the
techniques used to grow thin films are related, and many
involve physics and technology of marvelous subtlety[l].
Stannic oxide (SnO2)
ln 1942 McMasters succeed for the first time in preparing
a transparent conductive tin oxide fi1m. A substance with
white color, have a mo-lecular weight of (150.69 g/mol),
density of (6.95 g/.-'), melting point (1630 "Cy, ana
boiling point (1900 oC). Stannic oxide in its pure form is
an n-type wide band gap semiconductor . Its electrical
conduction results from the existence of point defects
which act as donor or acceptors. The property of SnO2
makes the material useful for many applications;
therefore increasing attention is being paid to studies this
oxide especially on the method of operation, and its
electrical and optical properties.[2]
The lattice structure is illustrated in fig (l).

Sn

Table (l)show some physical and chemical copper propertieJt/
Atomic number 29
Atomic mass 63.546 g.mol-l
Electronegativity according to Pauling 1.9
Density 8.9 g.cm-3 at2}oC
Melting point 1083 "C
Boiling point Z59S "C
Vanderwaals radius 0.128 nm
Ionic radius 0.096 nm (+l) ; 0.069 nm (+3)
Isotopes 6
Electronic shell I Ar ] 3dto 4st
Energy of first ionisation 743.5 kJ.mol -r

Energy of second ionisation 1946 kJ.mol -l

Standard potential + 0'522 V ( cu*/ cu ) ;
+ 0.345 V (Cu2*i Cu )

Discovered by The ancients

Fig (l):Lattice structure of SnO2 I3l

Copper
Copper is a reddish metal with a face-centered cubic
crystalline structure. It reflects red and orange light and
absorbs other frequencies in the visible spectrum, due to
its band structure, so it as a nice reddish colour. It is
malleable, ductile, and an extremely good conductor of
both heat and electricity. It is softer than iron but harder
than zinc and can be polished to a bright finish. It is
found in group Ib of the periodic table, together with
silver and gold. Copper has low chemical reactivity. In
moist air it slowly forms a greenish surface fihn called
patina; this coating protects the metal from further attack,
table (l) show some physical and chemical copper
properties .[4]
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Experimental
After many trails, the preparative parameters of the
system were optimized to obtain, uniform, pinhole free
and adherent thin frlms.
Spray solution is prepared by mixing 0.1 M aqueous
solution of SnC12.2H2O in 100 ml redistilled water on
glass substrates. Also various doping concentrations with
CuCl2 have been achieved by changing volume
percentage in the precursor solution.
Atomized spray solution was transferred to the
borosilicate glass substrate, which was kept at
normalized deposition temperature of 773 K with the
help of carrier gas (air) the films were prepared at
different substrate temperatures to obtain polycrystalline
film.
The solution flow rate and gas pressure were kept

constant at l0 mVmin and l.2xl05 N/m2 respectively.

The spray time was kept constant for l0 seconds
throughout the deposition. An increase in the spray time
causes thermal shock of the substrate due to excessive
cooling.
A two minutes waiting time was allowed between each

spraying application in order to maintain the substrate
temperature and enable us to decompose tle starting
material completely.

o.u5

o.o2

0.015

0.01

0.m5

0

0 200 4m 600

pure SnO2 doped with Cu

Fig ( 2 ) Absorption versus wave length for pure and doped

pure SnO2

Fig (3) Transmittance versus wave length for pure and doped samples

Absorption Coefficient
The absorption coefftcient was calculated using the
equation:

2.3034.a=(-)
t

Where:

I

0.ca

0.98

0.97

0.06

0.95

0 200 400 500 800

The distance between the and the nozzle was
kept at 28 cm. The substrates are intermittently to
achieve uniform deposition. After films were
allowed to cool slowly to the

Results and Discussions
This unit presents the results the analysis of

tests of opticalexperimental measurements and
properties of the deposited films.
The optical properties include
absorption coefficient, direct

transmittance,
transition, direct

forbidden transition, Reflectance, coefficient,
Refractive index, Real and part of dielectric
constant, as a function of photon
Absorptivity
There are many influences which responsible for the

ofincident ray andabsorption like thickness, wave
color of material.
ln this paper absorption has been as a function
of wave length (300-900)nm, appears in fig(2),
calculation shows that absorption with doping

before it .after the wave length (300) nm and

Transmittance
Transmittance has been measured
lengths (300-900)nm, for pure and for that doped
with (Cu), fig (3) show that increases with
doping after the wave length
before it .

may be related to the
films.

temperature.

a function of wave

nm and decreases

doped with Cu

o : photo absorption coefficient changes with the

incident wave length upon the
t : thickness of samples.[5]
Fig.(a) shows the relation between coefficient
and photon energy for two samples.

the absorption edge is not sharp for
is clearly seen that

sample and this
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The observed absorption edge lies at 3.5 eV for undoped which is due to Moss-Burstein effect. [6]
tin oxide and on doping it shift toward higher energies,

Direct Allowed Transition
The direct allowed transition was calculated using the
relation:
u ho : A" (hu - Eg)'
Where:
h : Plank constant .

Ao : constant .

r:(112,3/2,2,3)
u : frequency of incident light .

Reflectivity
Reflectance was calculated using equation:

0.00018

0.00016

0.(m14

0.00012

0.0001

0.00008

0.00006

0.0m04

0.00@2

1 2 3 4

0.m5
0.M5
0.(W

o.ms
0.m3

0.m25
0.m2

0.00015

0.m1
0.ffi

0

0 1 2 3

The direct allowed energy gap wils determined by

plotting (ahV)' as a tunction of photon energy <hvl
and were shown in frg.(5), the band gap energy (E) was
determined by extrapolation of the straight line region of
the plots (ahv)'versus photon energy thVl.fne
direct band gap was found 3.8 eV for pure sample and 4
eV for doping sample. The increase in band gap can
be attributed to the Burstien-Moss shift.[7].

n* : complex refractive index.
IQ : Extinction coefficient.[8]
Fig.(6) shows the reflectivity of the undoped and doped
tin oxide. it is clearly seen from this fig. that reflectivity
decreases slightly with doping .

0.m

0.ffi

0.m

o.G

0.m2

0.m1

0

0 1 2

0.8

0.@5

o.@

0.015

0.01

0.@6

0

0 1 2

0.m

0,@3

0.m25

o.w

0.ml5

0.ml

0.m5

0
o 2

Pure Sno2 doped with cu
Fig ( 4 ) Absorption coellicient yersus photon energy for pure and doped samples

pure SnO2 doped with Cu

Fig (5) Direct Allowed rransition versus photon energy for pure and doped samples

h- n.l'R:t_l
ll + r.l

Where:

_ (l - n)z +n2k,2

(l+n)2 +n'ko'

n : real refractive index.

0.025
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Fig ( 6 ) Reflectivity versus photon energy for pure and doped samples
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Extinction Coefficient
The extinction coeffrcient (fu) was calculated using the
relation:[9]
ta: u?' I 4rc

Fig. (7) shows the variation of extinction coeffrcient as a
function ofphoton energy for all the doped and undoped
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Fig ( 7 ) Extinction Coefficient versus photon energy for pure and doped

Refractive Index
Refractive index was calculated by means of equation: photon energy. refractive index

tel

no [H#-," 1)o

/2
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pure SnO2 doped with Cu
Fig ( 8 ) Refractive Index versus photon energy for pure and doped

Dielectric Constant
Real and imaginary part of dielectric constant were
calculated using the equations:[ 0]
e,=no2-ko2
sz:2n"h

pure doped with cu
Fig ( 9 ) Real part ofdielectric constant versus photon energy for pure and doped
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tin oxide samples. The data of ko that the value
decreased after doping, ko very slightly as a
fimction of photon energy in the low photon energy

high photon energyrange and increased rapidly in
range.

doped with Cu

ln fig. (8) the refractive index as a function of
very slightly as

a function of photon energy in low photon energy
range and increased in the high energy range

Figs. (9) and (10) show the plots real and imaginary
parts ofthe undoped and doped
All the samples real and imaginary
doping.

decreased after
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Fig (10) Imaginary part of dielectric constant versus photon energy for pure and doped samples
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Conclusion
from the study of optical properties of pure(SnO2)and
doped with (Cu) we can get The ability of deposition
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