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Introduction 

Pollution of water by organic contaminants is a main 

environmental issue worldwide. The expansion of 

the industrial sector has led to an increase in the 

sources of water pollution, one of the most known 

contaminants are dyes 1-3. Wastewater produced from 

textile dying is considered a huge pollutant causing 

significant damage to the environment. Some dyes 

are insoluble in water and do not degrade ever, while 

dyes that exhibit solubility in water produce a toxic 

compound which are harmful to environments 

making it difficult to remove by traditional methods, 

as well as the intense color of aqueous solutions of 

dyes inhibit the access of sunlight to the interior of 

the aqueous bodies 4. There is a growing demand for 

the approach of low-cost techniques, as well as an 

interest in the development of environmentally 

friendly methods.  Photocatalysis is a promising 

technique in environmental therapy that is currently 

under development 4. There are several methods to 

reduce the contamination of dyes such as adsorption5-

7, coagulation 8,9, filtration 10,11, and 

photodegradation12-14. It has been found that the 

photocatalytic degradation process is an interesting 

method because of its low cost, as well as because it 
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is a promising environmental technology 15-17. 

Furthermore, various kinds of photocatalysts have 

been synthesized to degrade the effluents into less 

harmful materials18,19. Bromophenol blue dye, also 

known as (3′,3′′,5′,5′′-

Tetrabromophenolsulfonephthalein), which can be 

used as an industrial dye, an acid-base indicator and 

a biological stain.  Photocatalysts were synthesized 

to study the photodegradation bromophenol and 

reduced in wastewaters. 20-22 Graphene is well-known 

as a monolayer of sp2-bonded carbon atoms into a 

two-dimensional structure, it has been rapidly 

expanded interest of graphene due to its remarkable 

properties like high electronic and thermal 

conductivity, as well as features of transport and 

mechanical characteristics, in addition, it shows a 

very high surface area and the modification of 

textural properties of catalyst layers 23. In this work, 

the catalyst nano platinum on graphene nanosheets 

was synthesized and tested as photocatalyst as used 

a bromophenol as a case study. 

 

Materials and Methods

Platinum (II) chloride [H2PtCl6
.6H2O] ((99.9% 

purity), sodium borohydride, polyvinyl-alcohol 

(PVA) with MW = 9,000-10,000 g/mol. 80% 

hydrolyzed), sodium tetrahydroborate, NaBH4 

(>96%), Hydrochloric acid baker analyzed™ A.C.S. 

reagent (98.08%) has been procured from J.T. Baker 

USA. The graphene used was 100 mesh particle size. 

Bromophenol blue (MW= 669.96) dye was supplied 

from HIMEDIA. Hydrochloric acid (36-37%) was 

provided from BDH and sodium hydroxide was 

procured from Riedel-De Haen AG Seelze-

Hannover.  

Synthesis of the Catalysts  

Platinum was loaded on graphene.   The catalyst of 

Pt/ GNS.   prepared by sol immobilization method:    

 In this method, the required concentrations of 

aqueous solutions of PtCl2 (Aldrich), first prepared 

using continuous stirring for 30 minutes at (2-3 rpm), 

then 1 g was prepared in 20 ml of polyvinyl alcohol 

added to the Pt mixture while continuing to stir for 5 

minutes. The next addition was 0.1 m of NaBH4 

prepared at room temperature which was stirred for 

30 minutes pending the color turning to dark brown. 

Thirty minutes after Sol was generated, the added 

graphene-supported material restrained the colloid 

formation. The pH of the solution was 1-3 and was 

controlled by adding hydrochloric acid with stirring 

settings 24. After 60 minutes, the slurry was separated 

and then washed off with water, and then the 

resulting substance was dried at 120º C for 16 hours. 

The produced catalyst using the sol immobilization 

technique was labeled as Pt/GNS SI. 

  

 

Characterization  
The characterization of the resulting catalysts was 

reviewed using multiple techniques. Field Emission 

Scanning Electron Microscopy (FESEM) has been 

used to detect the morphology of the prepared 

catalyst. Moreover, X-rays (EDX) and high-

resolution transmission electron microscopy (HR-

TEM) have shown energy-dispersing analysis.  

The catalyst powder was dissolved in 99% high 

purity ethanol for sample preparation, where the 

suspension drop was vaporized on a preserved 

carbon permeable film using a TEM copper mesh 

continual through 300 mesh, and as well for Pt 

particle size by HRTEM (at 200 kV, in a JEOL 1200 

EX, using CCD camera).  The X-ray device (Model 

XRD 6000- Shimadzu) used a diffractometer with a 

monochromatic (Cu-Kα1) source working at 2.7 

keV, and 40 mA, that is used in experimental 

configurations with (JCPDS) powder diffraction 

coil, and Cu Kl radiation. Field emission scanning 

electron microscope.  

Catalyst thermal analysis using the 

thermogravimetric analyzer (Mettler Toledo 990, 

TGA) (Pt crucibles, Pt / Pt- Rh thermocouple) was 

used to determine the total weight loss in the catalyst 

weight, and using N2 gas for flushing with a heating 

rate of 10 °C min−1, 30 mL. min−1   a flow rate, and 

temperature ranged starting from room temperature 

to 1000° C.  By N2 adsorption/adsorption analyzer 

(micromeritics, 3-Flex, version 1.02) the surface area 

and pore size of the catalyst were determined by 

adopting the Brunauer Emmet-Teller (BET) method. 

To get rid of moisture and the rest of external gases 

on the external parts, the catalysts have been 

degassed at 200° C.  

https://doi.org/10.21123/bsj.2024.9866


 

Page | 3358  

2024, 21(11): 3356-3367 

https://doi.org/10.21123/bsj.2024.9866 

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

The desorption and adsorption of nitrogen on the 

catalysts were checked at– 196° C. The acidity of 

catalyst was examined by temperature automated 

desorption using ammonia (TPD–NH3); using a 

(Thermo-Finnigan TPD/R/O 1100) device equipped 

with a thermal-conductivity detector, TCD. NH3 

(2%) in helium was ramped for 60 min at 1 ˚C min-1. 

For 55 min, N2 was Flushed at room temperature to 

remove NH3 in the gas phase. The programmed-

temperature desorption was applied for evaluating 

the catalyst within a temperature range between 50 

to 900° C.  

Photocatalytic Measurements  

As a photocatalyst, the performance of platinum 

supported by graphene nanoparticles was evaluated 

by performing a photodegradation test of 

bromophenol blue dye (BPB) under ultraviolet light 

(254 nm, 14 W) where a submerged lamp was used 

in the test solution, and different concentration of 

photocatalyst was added to 250 ml of 15 ppm of BPB 

dye solution with continuous steady stirring using a 

magnetic stirrer (wise) from Daihan Scientific. After 

exposing the draw samples (5 ml of solution) 

repeatedly to a light source every 5 minutes, the 

catalyst was removed from the solution using 

centrifuge (800 Electric Centrifuge), then the 

absorbance of the bromophenol blue dye was 

measured at  591 nm  by SmartSpecTM Plus 

spectrophotometer (BIO-RAD).  

Absorption of BPB dye was converted to 

concentration using calibration curve, which was 

obtained by applying the beer-lambert relationship 

(A= ɛ b c), when of various concentrations of BPB 

dye were prepared and measured their absorbance. A 

number of experiments have done frequently using 

different pH values, the pH of the solution had 

adjusted using sodium hydroxide (0.1M) and 

hydrochloric acid (0.1M), the pH values had 

measured using pH meter (Vernier @Go Direct TM 

Electrode Amplifier). The percentage of degradation 

of bromophenol blue dye was determined using the 

Eq. 1 25:  

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 %

=
(𝐶0 − 𝐶𝑡)

𝐶0

× 100                                 1  

where Co and Ct are the initial concentration, and the 

concentration after UV irradiation.  

 

Results and Discussion 

Prepared catalyst characterization  

EDX and HRTEM were used to characterize the 

morphology of the catalyst. platinum nanoparticles 

showed a high degree of uniformity diffused on the 

surface of the nanographene. The EDX analysis also 

showed signs for elements including carbon and 

oxygen, and presumably showing the Pt peaks of the 

resulting catalyst sample, which was associated with 

the successful loading of Pt on graphene. Also, the 

EDX  analysis clearly showed strong signals for 

elemental copper that can arise from the carbon-

plated copper grid that utilized in the analysis, and 

gold atoms at several energy levels essentially at 2.2 

KeV and also at 9.8 KeV as shown in the Fig. 1 26.   

It was confirmed that the Cu-Au alloy could produce 

high-quality copper-gold alloy nanotubes, that the 

elemental Au and Cu distribution ranges fully 

overlapped, and that the intensity in the outer layer 

was significantly higher than the intensity in the 

inner region, confirming the formation of Cu-Au 

alloy nanotubes.  27   
Figure 1.  FESEM micrographs and EDX of the 

5%Pt/GNS catalyst 
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The HRTEM technique used to assess the average 

size of platinum particles, as well as their 

distribution, dispersion, and function of Pt loading on 

Pt/GNS.  The size distribution histogram of the metal 

nanoparticles in the catalyst was evaluated.  More 

than 100 randomly selected particles were measured 

to obtain the Pt particle, platinum nanoparticle size 

of Pt/GNS is presented in Fig. 2.  

Although the drying treatment took 24 hours at 120° 

C during the catalyst preparation process, the 

dispersion and distribution of the platinum 

nanoparticles on the graphene surface without 

aggregation appeared to be homogeneous and good 

enough according to HRTEM images. Due to the 

strong interaction between platinum and graphene 

molecules, the stability of platinum molecules on the 

graphene surface after heat treatment is relatively 

high in Fig. 228.  

From Fig. 2, platinum particles with an average 

particle size of 5.7 nm distributed on graphene 

appear to be firmly gathered, while small platinum 

particles with a diameter in the range from 2 to 20 

nm, are shown to be uniformly distributed on 

graphene sheets.  

 

 

 
Figure2. HRTEM micrographs and the compliant 

histograms of the particle size distributions for 

the 5%Pt/ GNS. specimen created using sol-

immobilization technique, only dried at 120° C.  

From Fig. 2, the HRTEM image of 5%Pt- GNS.   that 

a uniform distribution of transparent GNS.    

nanoplates by platinum nanoparticles is visible 

enough and the assemblies appear to be quite few, 

signifying a strong interaction between GNS support 

and platinum particles. The average particle size of 

platinum nanoparticles was measured and estimated 

at 2.67 - 0.7 nm.  

 

XRD Analysis  

The supported catalyst's powder XRD patterns are 

shown in Fig. 3. It can be observed that face centered 

cubic (fcc) phase of platinum exhibits four 

diffraction peaks at 39.8, 46.3, and 67.7 that are 

referenced to the (1 1 1), (2 0 0), and (2 2 0) planes 
29.     

  

The effect of chemical process performance during 

catalyst synthesis was observed by the 

appearance/disappearance of the diffraction peak 

(002) related to the interlayer spacing between the 

graphene nano nanoplates.  Peak diffraction of 

catalysts appeared at 26.6, which is related to 200 

planes of the hexagonal carbon lattice. It is clearly 

compatible with graphene in process conditions 30. 

The average particle volume was calculated from 

half of the maximum full width of the peak (220) 

using the Shearer equation.29 

 The average platinum particle sizes were estimated, 

which was 6, thus deducing that Pt-specific surface 

area is greater in graphene. The particle size of the 

supported Pt on graphene was relatively small, 

demonstrating that the unique structure and physical 

properties of graphene could have an assisting role in 

the distribution of Pt nanoparticles.  

 

 
Figure 3. XRD patterns of the Pt/graphene 

catalyst.  

The BET Surface area measurement of the surface 

area of the graphene nanosheets under nitrogen gas 
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absorption has been determined to be 67 (SBET / m2 

/g), as well the measurement of the prepared catalyst 

5% Pt\GNS was 113.1418 m²/g, whereas the BJH 

method has been applied to obtain Pore-size 

distribution of Pt\GNS and pore volume of the RGO 

to be 34.585Å and 0.518235 cm3 g-1 respectively. It 

has been observed that there is an increase in the 

values of BET surface area (SBET) of samples 

accompanied by increased loading of platinum on 

the surface of graphene. This increase in the surface 

area of the platinum/graphene photocatalyst will 

allow for higher activity sites for the photoreaction, 

facilitating the transfer of charge, and encouraging 

an increase in the performance of the photocatalytic 

reaction 31,32. Fig. 3 shows that the resulting Pt/GNS 

catalysts possess an isothermal type IV, which is 

microporous showing H3 deceleration rings 33, and 

has been indicated to the presence of large amounts 

of medium pores and uniformly distribution of pore 

sizes, which belong to the isothermal type IV with a 

sharp increase at P/P`> 0.45.  

Photodegradation of BPB  
Fig. 4a shows absorption spectrum of bromophenol 

blue dye, the dye displays a chromophore peak at 

(248 nm) belonging to the dye’s blue color, and the 

rest of three peaks displayed at 590 nm are associated 

with the dye's aromatic ring. Figure 4b shows the 

percentage of degradation (D%) of dye under UV- 

light without existing the catalyst Pt \ GNS at 

different concentrations of dye (10, 25,15, and 20 

ppm). It can be seen that the highest degradation 

percentage was 20% (D % 20% for 10 ppm). As the 

photodegradation processes depend on generating of 

hydroxyl radicals which has an essential role in 

degradation of dye, with existing of catalyst hydroxyl 

radicals were expected to be more. At the same time 

it can be seen from Fig. 4b that the photodegradation 

of bromophenol blue decreased as dye concentration 

increased, which means increasing the number of dye 

molecules leading to make the length of the path of 

photons entering the solution decreased 34.  

 

Figure 4.a Absorption spectrum of bromophenol blue dye, b) The relationship between D% of 

bromophenol blue dye solution and concentrations  

Catalyst Concentration 

In order to test the photocatalytic activity of the 

synthesized Graphene-Pt (Pt\GNS), different 

concentrations of synthesized Pt\GNS (0.005 -

0.025g) were added to aqueous solution of 

bromophenol dye at concentration (15 ppm) and 

irradiated under UV-light. Figure  shows the results, 

it can be seen that the percentage of degradation 

increased, as the surface of catalyst is becoming 

available for the dye and water molecules to be 

absorbed, which undergo to attack by the generated 

of hydroxyl radicals. The optimal value of the 

photocatalyst Pt\GNS was recorded as (0.01 g / 250 

ml of 15 ppm of BPB solution) when the degradation 

percentage was (D% ̰ 79%). 

 
Figure 5. The relationship between contact time 

at different amounts of Pt-GNS and D% of 

bromophenol blue dye solution 
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H2O2 Effects  
In this study, H2O2 was examine with Pt \ GNS to see 

if adding H2O2 to reaction mixture improved the 

powerful of Pt \ GNS as photocatalyst of BPB dye, 

the results are illustrated in Figure .  In this case, the 

concentration of H2O2 was estimated to be10 mM, 

and it was noticed from the results that the 

concentration of 10 mM was the best to degrade the 

dye using a catalyst amount (0.01 g / 250 ml) of Pt \ 

GNS under UV -light.  The level of dye degradation 

has increased to about 90%.  It has been concluded 

that hydrogen peroxide was an important parameter 

to add with the catalyst for dye degradation. Since 

free OH radicals produced by photolysis of H2O2 

under ultraviolet light can react with dye molecules 
35. In consideration of the fact that at high 

concentrations the solution undergoes self-

quenching of OH● radicals by additional amounts of 

H2O2 to form HO2
● radicals, the concentration of 

H2O2 was kept at the appropriate dosage, so the 

degradation of dye reduced which can be due to the 

consumption of hydroxyl radicals OH● by H2O2 as 

briefed in following equations: 

OH∙ + H2O2 → HO2
∙ + H2O                            2  

OH∙ + HO2
∙ → O2 + H2O                                 3  

 
Figure 6. The relationship between D%  and 

contact time at optimum value of photocatalyst 

((0.01g /250 ml) of Pt\GNS) and (10 mM of H2O2). 

Effect of pH  

The photocatalytic activity of the synthesized 

Graphene-Pt (Pt\GNS) was examined at various 

media, where droplets of NaOH (0.1 M) and HCl (0.1 

M) were added to adjust the pH of the dye solutions. 

The results of irradiation of BPB (15 ppm) under 

UV-light in acidic, basic and neutral media at pH 

(5.3, 7.5, and 11) in presence of (0.01g/250 ml) 

catalyst are shown in Figure , it can be noticed that 

there was an increase in percentage of degradation 

D% as long as there is an increase in the pH of the 

solution. The highest percentage of degradation was 

in basic media (11 pH). Enhancing dye degradation 

may be attributed to the increase the number of 

hydroxyl radicals at high pH, as well as changing in 

pH led to a change in the structure of BPB, which 

cause further interaction with radicals (O2
-•; and OH•) 

36,37.  

Figure  shows the results of adding H2O2 to reaction 

mixture (dye and catalyst) at basic media (pH 11), it 

was found that the dye was completely degraded 

and the degradation percentage was 99% in 40 

minutes, while other experiments needed an hour to 

decolorize the dye, it has been found that the results 

in this study are in agreement with the results in 

literatures, Table 1 shows photodegradation 

percentage (D %) of different photocatalysts 

compering to the results in this study, which it can be 

indicated that the Pt \ GNS is an active as 

photocatalyst in degradation of bromophenol blue 

dye. 38,39  

 
Figure 7. The relation between D% of 

Bromophenol blue dye solution and contact time 

at different media at (0.01g /250 ml) of Pt\GNS
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Figure 8. The relation between D% and contact time at (0.01g /250 ml) of Pt\GNS, ((0.01g /250 ml) of 

(Pt\GNS and 10 mM of H2O2) and ((0.01g /250 ml) of Pt\GNS,10 mM of H2O2 and at pH 11). 

 

Table 1. Comparison of photodegradation 

percentage (D %) of different photocatalysts for 

Bromophenol blue dye 
Catalyst D% Ref. 

Nano Platinum on Graphene 

Nanosheets 

79-99 This study 

Graphene nanoplates-

supported TiO2 

79-95 35 

Titanium dioxide-polypyrrole 

nanocomposites 

97.53 37 

S-SnO2 92.33 38 

Parkia speciose Hassk pod 

extract 

81.5-93.4 39 

La2O3 24.7-50.7 40 

It was suggested that the possible mechanism to 

degrade of bromophenol blue included hydrolysis by 

presence of OH˙ as shown in Fig. 9 which finally 

degraded to CO2 and H2O. 20,40.  

 
Figure 9. Possible mechanism of degradation of 

Bromophenol blue dye. 

 

Kinetics     

The kinetics of the reaction was studied, the data was 

fitted to a first-order rate Eq. 2 41,42 

ln
C0

Ct
= kt                  2 

Where C0 and Ct are concentration of dye before and 

after irradiation respectively, k is the rate constant, t 

is the irradiation time. Figure 10 displays the fitting 

curve; the rate constant value for the degradation of 

the dye was increased when using H2O2 and raised 

further at pH 11. Table 2 demonstrates the rate 

constant of the reaction and, R2 values which 

describes that the data fit as a first-order reaction.   
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Figure 10. First order fit of Bromophenol blue dye at; a) (0.01g /250 ml) of Pt\GNS, b) ((0.01g /250 ml) 

of Pt\GNS and 10 mM of H2O2), c) ((0.01g /250 ml) of Pt\GNS,10 mM of H2O2 and at pH 11).  

Table 2. rate constant of first order reaction and R2 values 

Condition k/ min-1 R2 

0.01 g of Pt\GNS 0.0273 0.999 

0.01 g of Pt\GNS and 10 mM of H2O2 0.0372 0.9733 

0.01 g of Pt\GNS + 10 mM of H2O2 + 

pH 11 

0.0569 0.9809 

Conclusion 

In this study, the catalyst of 5% Pt/GR was 

prepared by sol immobilization method and Pt 

nanoparticles on the Pt/ G were dispersed on the 

surface of graphene. The results showed using a 

High-resolution Transmission electron 

microscope (HRTEM). The dispersion and 

distribution were appropriate and homogeneous 

for platinum nanoparticles, which have an 

average particle size of 5.7nm distributed over 

graphene without aggregation due to the 

structure of the multi-layer graphene sheets as 

well as the high porosity of the graphene sheets. 

It enables the best mass transfer of dye and 

nanometals as well as functional groups on 

graphene plates. Brunauer-Emmet-Teller (BET) 

has also been used to determine the surface area 

of the newly prepared catalyst displays. 

 The new product has been investigated using an 

x-ray diffraction (XRD) pattern. The synthetic 

catalyst Pt/ GNS was tested as a photocatalyst 

using bromophenol dye as case study. The 

degradation process has been done at various 

parameters; a dose of catalyst, media of reaction, 

and H2O2 effect.  
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لضوئية ا تصنيع المحفز المحضر من تحميل الدقائق النانوية للبلاتين على سطح الكرافين والتجزئة

  الأزرق تحت الاشعة فوق البنفسجيةلصبغة البروموفينول 

 ايمان عدنان محمد، سعاد عبد موسى  ، سناء طارق

 نات، جامعة بغداد، بغداد، العراق.قسم الكيمياء، كلية العلوم للب

 

 ةالخلاص

تم في هذا البحث استخدام المحفز الجديد المصنع من تحميل دقائق البلاتين النانوية على سطح الصفائح النانوية للكرافين كمحفز ضوئي 

واختباره لدراسة التجزئة الضوئية لملوثات المياه وازالتها بشكل نهائي من مصادر المياه لما لها من تأثير سلبي على البيئة. حيث تم 

بغة البروموفينول الأزرق كمثال على أحد الملوثات. في البدء تم التأكد من تحضير المحفز بالطريقة المستخدمة في طريقة استخدام ص

 العمل من خلال تشخيصه باستخدام عدد من التقنيات ومنها تقنية المجهر الالكتروني النافذ عالي الدقة، تقنية طاقة تشتت الاشعة السينية

الامتزاز/ الامتزاز باستخدام غاز النتروجين. كذلك تم قياس المساحة السطحية للمحفز المصنع، بالإضافة الى  الطيفي عن طريق قياس

فحص التركيب الكريستال للمحفز باستخدام تقنية حيود الاشعة السينية. وبعد ان تم التأكد من التركيب النهائي للمحفز الضوئي تضمن 

المحفز المصنع على استخدامه في التجزئة الضوئية لصبغة البروموفينول الأزرق تحت الاشعة الجزء الثاني من العمل دراسة قدرة  

فوق البنفسجية حيث تم تحضير عدة تراكيز من صبغة البروموفينول الأزرق، تم تشعيع الصبغة بدون وجود المحفز ووجد بان التجزئة 

جزء من المليون وأجريت التجارب باستخدام  15ول المائي للصبغة وبتركيز الضوئية لم تكن فعالة وبعد ذلك تم استخدام المحفز مع المحل

غرام من  1...عدة اوزان من المحفز لتحديد افضل وزن يمكن استخدامه من المحفز في كمية محددة من محلول الصبغة ووجد ان 

ن كما تم اختبار الوسط للتفاعل في الوسطي ملليتر من المحلول المائي للصبغة هو افضل نسبة يمكن الحصول عليها. .05الصبغة لكل 

الحامضي والقاعدي ووجد ان تفكك الصبغة يزداد بشكل ملحوظ في الوسط القاعدي. تم اقتراح ميكانيكية التفاعل التي بينت ان تكون 

 الجذور الحرة لها دور كبير في مهاجمة الاواصر المزدوجة في الصبغة. 
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