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Abstract 
In this research, we study the transition energy effect on the efficiency of the N749-

TiO2 hetero junction solar cell based on the donor-acceptor model with electron trans-
fer theory .The photovoltaic characteristics of sensitized N749 black dye contact with 
wide band gab TiO2 semiconductor are calculated using the current density .For both 
DCM and EtOH solvents, the  N749 - TiO2 hetero junction solar cell show that transition  
energy is the main factor effect on the current density, fill factor and efficiency . The cur-
rent and current density increase with decreasing in the dielectric constant and increases 
the refractive index with more polar media. However, the current density and efficiency 
are more sensitive with decreased transition energy and stepwise increased the strength  
coupling from  . However, the transition energy changes of the  
N749 - TiO2 device affect the performance of a dye solar cell and it has higher efficiency 
with DCM solvent compared with EtHO solvent.

Keywords: Transition Energy , Efficiency , N749/ TiO2 ,Solar Cells.

/N749 دراسة تأثير الطاقة الانتقالية على كفاءة الخلايا الشمسية
نعيم ناهي عبد علي1           ،        هادي جبار مجيبل2

كلية التربية للعلوم الصرفة ابن الهيثم ، جامعة بغداد ، بغداد ، العراق
Naeem.Nahi1104a@ihcoedu.uobag Baghdad.edu.iq :1- بريد إلكتروني

hadi.j.m@ihcoedu.uobag Baghdad.edu.iq :2- البريد الإلكتروني
مستخلص:

ــة  ــر المتجانس ــية غ ــة الشمس ــاءة الخلي ــى كف ــة ع ــة الانتقالي ــر الطاق ــة تأث ــا بدراس ــث ، قمن ــذا البح في ه
N749 - TiO2  بنــاءً عــى ا نمـــذج المانــح- المســتقبلِ مــع نظريــة انتقــال الإلكــرون .  تــم حســاب الخصائــص 

الكهروضـئيــة لخليــة الصبغــة الســـداء N749 الحساســة للضـــء والملامســة لشــبه المـصــل TiO2 مالــك فجـــة 
واســعة النطــاق  باســتخدام كثافــة التيــار.

ــة  ــة N749 - TiO2 أن الطاق ــر المتجانس ــية غ ــة الشمس ــر الخلي ــات DCM و EtOH ، تُظه ــن مذيب ــكل م  ل
الانتقاليــة هــي العامــل الرئيــي الــذي يؤثــر عــى كثافــة التيــار وعامــل المــلء والكفــاءة. تــزداد كثافــة التيــار 
ــإن  ــك ، ف ــي. ومــع ذل ــد الـســط القطب ــادة معامــل الانكســار و تزاي ـــ العــزل و زي ــار مــع تناقــص ثاب والتي
كفــاءة و كثافــة التيــار أكثــر حساســية مــع انخفــاض الطاقــة الانتقاليــة وزيــادة تدريجيــة في ثابـــ اقــران مــن   
ــية  ــا الشمس ــى أداء الخلاي ــر ع ــاز N749 - TiO2  تؤث ــة لجه ــة الانتقالي ــرات الطاق ــإن تغ ــك، ف ــع ذل إلى . وم
.EtHO مقارنــة بمذيــب DCM الصبغيــة ولهــا كفــاءة أعــى مــع مذيــب 

الكلمات المفتاحية: الطاقة الانتقالية ، الكفاءة ، N749 / TiO2 ، الخلايا الشمسية.
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Introduction 
The dye-sensitized solar cell DSSC 

was taken more attention of the inter-
national research community when  
O’Regan and Gratzel worked on their 
devices in 1991 with a conversion 
efficiency of 7% [1]. The DSSC was a 
topic of significant interest in research 
for solar cell technology because of 
low costs, optical properties  and its 
ease of fabrication [2]. The dye-sensi-
tized solar cell  DSSCs have converted 
the light into electric by a photo elec-
trochemical process[3]. It became an 
essential variety entirety solve the in-
creased energy crisis that will eventu-
ally replace fossil fuels energy sources 
in increasing resources [4]. The DSSCs 
promise devices for low cost to produce 
electricity from converting sunlight.  
The  DSSC  is a third-generation pho-
tovoltaic device, it contains a photoac-
tive electrode consisting of sensitized 
molecular dye and metal oxide semi-
conductors   [5] . Finally, nanotechnol-
ogy is the most assisted search to solve 
global energy problems by finding new 
sources of energy [6] . The DSSC is the 
photo-induced cell, its more attractive 
to attention in resulting in wide-rang-

ing operative advantages of low-cost 
materials, printable, accessible manu-
facturing technology and flexible us-
age [7]. The ability of charge transfer 
from donor surface material to accep-
tor surface required that energy levels 
states must be closed to each other in 
both materials [8]. Hadi et al show that 
reorganization energy with alignment 
energy levels is key factors in charge 
transfer processes of different devices 
[9]. In heterostructure materials, the 
charge transfer  occurs between donor 
energy level and acceptor energy level 
in the different solar cell devices [10]. 
However, the molecule in dye contact 
with semiconductor interface of devic-
es has been an active field research in 
many technological devices because 
the charge transfer process is occurred 
through an interface [11]. Charge  
transfer process is the core operation 
in the photovoltaic devices system; the 
electron  was transferred from the ini-
tial energy state in donor to the final 
energy state in acceptor of the semi-
conductor [12]. The electrons trans-
ferred to TiO2 electrodes were mainly 
related to their coupling coefficient. 
Electrons travel a distance through the 
interface to reach the conduction band 
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before charge recombination[13]. The 
N719 Dye is a metal-based organic 
ruthenium complexes dye, which in-
cludes the sensitizers for DSSCs due 
to the optical absorption spectrum, and 
chemical and thermal stabilities with 
an interest in electronic and optoelec-
tronic properties  .[14] The  N749 dye 
has formula  [(C4H9)4N]3[Ru(Htc-
terpy)(NCS)3] C69H117N9O6RuS3,-
Tris[N,N,N-tributyl-1-butanamini-

um{[2,2′′6′,2′′-terpyridine]-4,4′,4′′-tri-
carboxylato(3-)- N1,N1′,N1′′}

tris(thiocyanato-N)hydrogen ruthe-
num [15] and structure is shown in fig-
ure (1) [ 16]. In this paper  ,we study 
the effect of transition energy on  the 
efficiency of N749 contact with titani-
um dioxidesemiconductor in hetero-
junction devices solar cell devices us-
ing the quantum theory and transition 
current. 

Theory    
Electronic  current  from donor 

to an acceptor of heterojunction devic-
es is [17].

Where  and  are the dis-
tribution of electrons in donor and ac-
ceptor state,  is the transmission 
coefficient probability writes by.  

Where  is strength coupling and  
 is the effective  density for sys-

tem and  given by [ 18]. 

Where  is electronic density 
in semiconductor and   is effective 
length .The  is[19]. 

Figure (1): Structure of N749 sensitised dye [16].



Where density of state in Black  
dye ,  is the atomic  
density of semiconductor and   
is expectation of  density of state  
  

(    ) 
 

in system and Eq.(4) reduced to  . 

We can insert Eqs.(3) ,(4) and (5) in 
Eq.(2) to result. 

here  and T are the driving free 
energy and room temperature and  
(eV)  is the transition energy of system, 
its given by [20].

 

where  and  are electronic charge 
and permittivity. The D and R are the 
radius of the molecule  and the distance 

between molecule and semiconductor,  
 and  are refractive index and di-

electric constant of solvent, nSe is the 
refractive index of semiconductor and 
εSe is the dielectric constant of semi-
conductor. The radius is [21].

.…………. (8)    

where molecular weight m, Avoga-
dro number N, and ρ is the density ma -
terial.

Substituting the  Eq. (6) in Eq. (1)  
and assume   for 
continuum system to obtain.

The solution integral in Eq. (9) re-
duce to electronic concentration  by 
form [22]. 

The Eq. (10) together Eq. (9) to.

The atomic density  is given by 
relation [23]. 
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Where   and   are the num-
ber of states per atom per eV and den-
sity of states for semiconductor that’s 
function of carrier concentration  
and Fermi energy  given by [23] . 

The efficiency of DSSCs is defined 
as the ratio of output power to its inci-
dent light power density and  it  is [24].

where  is incident light intensity 
and FF is the fill factor and its ratio of 
J-V curve’s maximum and gives ratio 
[25]. 

where   is the maximum power 
and  and Voc are short-circuit cur-
rent and   open circuit voltages. 

Results 
Indeed, under the donor-acceptor 

model and quantum transition theory 
,the transition energy tends to play an 
important parameters to point  electron 
transfer from excited N749 to TiO2 . 

The investigated and calculated the 
transition energy depends on some pa-
rameters ;radii of N749 and TiO2 ,re-
fractive index and dielectric of TiO2 

and solvents .The radii of TiO2 and 
N749 depending on Eq.(8) with mo-
lecular weight M=79.866g/mol[26] 
and mass density  [24] of TiO2 
and M= 1364.98 g/mol[27] with den-
sity  [27] for N749, results 
are 1.956 AO  for TiO2 and 7.472 AO for 
N749. The transition energy calculates 
due to Eq. (7) with takes refractive in-
dex 2.609 and dielectric constant 55 
of TiO2 semiconductor [28] with sol-
vents refractive index 1.4241 , 1.359 
and dielectric constant  8.93 , 24.55  of 
Dichloromethane(DCM) and Ethanol 
(EtOH) solvents to results = 0.267 
eV and 0.363 eV for N749 / TiO2 with 
DCM  and EtOH  solvents respectively.

Next, we applied the both relation 
in Eq.(12) and Eq.(13) to evaluate the 
atomic density by inserting the carrier 
concentration  [29] 
, effective density of states of TiO2 

,  (state /eV) [30] and takes the 
Fermi energy  [31] , results 

. Hence it can be 
calculate the current yields in sensitized  
N749 dye - TiO2 semiconductor with 



DCM solvent calculated using Eq.(11) 
taken the transition energy 0.268 eV and 
0.363 eV for N749 / TiO2  with Ethanol  
and DCM solvents ,coupling strength 

 , effec-

tive length  [32], atomic den-
sity  and electron-
ic concentration  [33] 
with MATLAP program, results list in 
the Table (1) for N749/ TiO2 devices  .

Table (1): Results of electronic current calculation for  N749 / TiO2 with Ethanol 
(EtOH) and Dichloromethane(DCM) solvents at electronic concentration 3.5x1018 

Strength coupling The electronic current 

 EtOH   DCM 

0.1 2.3356x 10-4 6.0412x 10-4

0.2 4.6711x 10-4 1.2082x 10-3

0.3 7.0067x 10-4 1.8124x 10-3

0.4 9.3422x 10-4 2.4165x 10-3

0.5 1.1678x 10-3 3.0206x 10-3

0.6 1.4013x 10-3 3.6247x 10-3

0.7 1.6349x 10-3 4.2289x 10-3

0.8 1.8684x 10-3 4.8330x 10-3

0.9 2.1020x 10-3 5.4371x 10-3

1 2.3356x 10-3 6.0412x 10-3

1.1 2.5691x 10-3 6.6454x 10-3

1.2 2.8027x 10-3 7.2495x 10-3

1.3 3.0362x 10-3 7.8536x 10-3

1.4 3.2698x 10-3 8.4577x 10-3

1.5 3.5033x 10-3 9.0619x 10-3
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The current density corresponding 
to the current that’s generated  when 

the  light absorbs by the N749 sensitiz-
er and directed to the  wide band gap 
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The photovoltaic characteristic of 
N749/ TiO2 devices with  EtOH  and   
DCM solvents can be estimation from 
curves J –V that’s plotting between 

current density J(mA/cm2) and  voltage 
in  Volt of data in table (3) and illustrat-
ed in figure (2) .

Table (2): Results of current density calculation for   N749 / TiO2 
with EtOH and  DCM solvents at electronic concentration  . 

Strength coupling Current density (A.cm-2)

EtOH DCM

0.1 1.4782x 10-3 3.8236x 10-3

0.2 2.9564x 10-3 7.6471x 10-3

0.3 4.4346x 10-3 1.1471x 10-2

0.4 5.9128x 10-3 1.5294x 10-2

0.5 7.3910x 10-3 1.9118x 10-2

0.6 8.8692x 10-3 2.2941x 10-2

0.7 1.0347x 10-2 2.6765x 10-2

0.8 1.1826x 10-2 3.0589x 10-2

0.9 1.3304x 10-2 3.4412x 10-2

1 1.4782x 10-2 3.8236x 10-2

1.1 1.6260x 10-2 4.2059x 10-2

1.2 1.7738x 10-2 4.5883x 10-2

1.3 1.9217x 10-2 4.9706x 10-2

1.4 2.0695x 10-2 5.3530x 10-2

1.5 2.2173x 10-2 5.7354x 10-2

TiO2 semiconductor in cell has area cell 
(0.158) cm2   [11]  has been estimated 
by divides the current on area ,results 

shows in Table (2) for N749/ TiO2 with 
Ethanol and  DCM  solvents   .



Table (3): Results of J-V characteristic  of N749 / TiO2

with EtOH and  DCM solvents at electronic concentration .

 The J-V characteristic  

 EtOH   DCM 

V(Volt) V(Volt)

0.83406 0 0.834 0

0.8 1.4782x 10-3 0.8 3.8236x 10-3

0.75 2.9564x 10-3 0.75 7.6471x 10-3

0.7 4.4346x 10-3 0.7 1.1471x 10-2

0.65 5.9128x 10-3 0.65 1.5294x 10-2

0.6 7.3910x 10-3 0.6 1.9118x 10-2

0.55 8.8692x 10-3 0.55 2.2941x 10-2

0.5 1.0347x 10-2 0.5 2.6765x 10-2

0.45 1.1826x 10-2 0.45 3.0589x 10-2

0.4 1.3304x 10-2 0.4 3.4412x 10-2

0.35 1.4782x 10-2 0.35 3.8236x 10-2

0.3 1.6260x 10-2 0.3 4.2059x 10-2

0.25 1.7738x 10-2 0.25 4.5883x 10-2

0.2 1.9217x 10-2 0.2 4.9706x 10-2

0.15 2.0695x 10-2 0.15 5.3530x 10-2

0.1 2.2173x 10-2 0.1 5.7354x 10-2

0 2.4079x 10-2 0  6.054x 10-2
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From figure (2).we can estimate the 
short-circuit of the highest current at 
cell voltage zero and the open-circuit 
highest voltage VOC of a solar cell at a 
given light intensity  when the current 

flow through cell is to be equal  zero 
,results are shown in table(4). The val-
ues of    are estimated from 
curves of  in figure (2) and listed 
in table(4).

A- N749/ TiO2 DSSCs with EtOH solvent

B-  N749/ TiO2 DSSCs with DCM  solvent

Figure(2): Current density . Voltage (Volt) characteristics 
for A- N749/ TiO2 DSSCs with EtOH   and  B-  N749/ DSSCs with DCM  solvents.



Fill factor  F.F is one important fac-
tor to specify the overall capability of 
a solar cell.  It calculates by inserting 
the results of  from 
table (4)  in Eq.(15)  to results 0.140 
and  0.134 for N749/TiO2 DSSCs with  
EtOH   and  DCM  solvents respective-
ly .However , the efficiency calculates 
by using the ratio of maximum generat-
ed power divided  on input power from 
the Eq.(16) to results 2.802 and 6.991 
for N749/TiO2 DSSCs with  EtOH   and  
DCM  solvents respectively.

Discussion 
Transition energy is main factor ef-

fected on the current density ,fill fac-
tor and efficiency through effected on 
the current in Eq.(11) . Table(1) shows 
the current was influence by  transi-

tion  energy in forcedly .The current in 
N749 contact with TiO2 with DCM in 
solar cell higher than with EtOH ,this 
refers to lower transition 0.268 eV 
with  DCM  comparing with 0.363 eV 
for solar cell with EtOH solvents  .In 
order that ,the transition  energy for 
N749 contact with TiO2 solar cell with 
both solvents increases with increas-
es the dielectric constant and increas-
es the refractive index .This indicate 
the current increases with decreases 
the dielectric constant with more polar 
media . However , the current increas-
es with increases refractive index by 
same ratio with proportional to tran-
sition energy and vice versa .Table(1) 
The currents of the sensitized N749 
dye with TiO2 solar cell with both were 

Table (4): Results of photovoltaic parameters of the N749/ TiO2 DSSCs 
sensitized with Ethanol (EtOH)  and Dichloromethane(DCM) solvents.
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stepwise  increased from 2.3356E-
04 A to 3.5033E-03 A  for EtOH  and  
from 6.0412E-04 A to 9.0619E-03 A 
with DCM solvents  with increased 
the strength coupling from 0.1 x 10-2  

eV2 to 1.5 x 10-2 eV2 with decreases 
transition energy from 0.363 eV with 
EtOH solvent  to  0.268 eV  with DCM 
solvent .The current and current den-
sity relate to transition energy that’s 
depends on refractive index and di-
electric constant  according to polari-
ty  of EtOH and DCM  solvents . As 
expected, the current density in the 
table(2) in the unit (A/cm2) decreases 
with increasing transition energy with 
the same proportion as the current in 
the table(1). In addition   ,the current 
density results in table(2) of sensitized 
N749 dye with TiO2 solar cell with 
EtOH solvent were lower than cur-
rent density with DCM solvent due to 
related to transition energy . The cur-
rent density  increases upon increas-
es strength coupling from 0.1 x 10-2  

eV2 to 1.5 x 10-2 eV2 and decreasing 
transition from 0.363 eV to 0.268 eV 
for EtOH  and DCM solvents with car-
rier concentration  3.5 x 1018. As  seen as 
,the current density increased alterna-
tively with multiple factor withincreas-

es the strength couploing  .More im-
portantly, the higher current density for 
N749 contact with TiO2 solar cell with 
DCM solvents indicates that electrons 
are transferred in most probable cross 
interface of heterojunction N749-TiO2 
devices comparing with used the EtOH  
solvent with same N749-TiO2 devices. 
In fact, the transition energy changes 
of N749 - TiO2 device affect the perfor-
mance of a dye solar cell and it limits 
the electric properties according to the 
influence on current density and J-V 
characteristic .Furthermore, the J-V 
characteristic has been shown in ta-
ble(3) and graph in figure (2) . The J-V 
curves calculates of N749 -TiO2 device 
at 300 k are investigated to  understand 
the heterojunction properties. Figure 
2 (a) demonstrates shows  J-V curves 
at carrier concentration  of 
the N749/TiO2 device. The current and 
voltage in the average open-circuit are 
found to be 1.676 x 10-3 mA/cm2 and 
0.7287Volt where short-circuit current 
JSc is10.0507 x 10-3, and open circuit 
voltages Voc is 0.8301voltrespective-
ly.By using Eq. (14) and Eq.(1), the 
other fill factor and efficiency param-
eters of the  N749/TiO2 device are cal-
culated from the curve scale of J-V 



characteristics as shown in the inset 
of Figure 2(a) which are 0.14639 and 
1.22125, respectively   .In figure 2 (b) 
we demonstrate shows  J-V curve at 
carrier concentration 2.5 x 1018 of the 
N749/TiO2 device. The transition en-
ergy  can be affect the Fill factor as 
well as the  performance of a N749 
-TiO2 of DSSCs solar cell through af-
fected on the current density . How-
ever, the open-circuit current density 

 was shifted to higher values from 
 with transition 

energy 0.363 eV for solar cell  with 
EtOH solvent to  
with transition energy 0.268 eV with  
DCM  solvents and open-circuit poten-
tial Voc  shift increases from 0.834Volt  
with EtHO  to 0.864 Volt  with DCM 
solvent . Hence the power of the N749 
dye - solar cell increases with DCM 
solvent comparing to same solar cell 
with EtHO solvent  . The Fill factor in 
table () was nearly small changes for 
solar cell with EtOH  at about 0.006 
than solar cell with DCM solvent.  It 
is smaller at low transition energy. The 
efficiency of  solar cells is very sensi-
tive to transition energy   changes as 
it incorporates the N749 dye and TiO2 
semiconductor materials. The efficien-

cy in table (4) is increased with de-
creased transition energy  as seen as 
efficiency is 6.991 for cell with DCM 
and is 2.802 with EtOH. This indicates 
on the one hand to rise electron trans-
fer flow for solar cell with less transi-
tion energy  and vice versa .

Conclusion 
A transition energy affected on the 

photovoltaic characteristic of the N749 
contact with TiO2 heterojunction solar 
cell  has been studied and calculated 
using donor-acceptor quantum model 
with using the electron transfer theory. 
The current ,current density ,fill factor 
and efficiency of N749-TiO2 device are 
showing  more sensitive  to changes of 
transition energy under constant carrier 
concentration. The J-V characteristics 
of the N749-TiO2 device with DCM re-
veal more changes due to changes tran-
sition comparing with same solar cell 
with EtOH solvent.  The N749-TiO2 
device with DCM solvent exhibit good 
efficiency about 6.991 comparing with 
N749-TiO2 device with EtOH solvent 
that has efficiency about 2.802 .The 
higher  efficiency of N749-TiO2 device 
with DCM solvent at concentration 
carrier 3.5 is evident from the higher 
electron transfer rate .
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