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Abstract                                                                                                                                                                

Background: Enhancing the optical characteristics of nano-silicon carbide and polyvinyl alcohol 

films is thought to be crucial for obtaining the semiconductor with the lowest energy gap for 

applications in electrical devices, digital displays, and sensors. 

Materials and Methods:  Poly vinyl alcohol and silicon carbide's optical properties were examined. 

A pulsed laser with a 532 nm wavelength is used to create these nanoparticles into widespread 

nanoparticles in two environments (water and vinyl alcohol). Polyvinyl alcohol  nanocomposite was 

created by spin coating silicon carbide particles with the weight fractions 0.90%, 0.91%, 0.93%, and 

0.95%. Fourier spectroscopy was used to locate the functional groups based. Techniques FESEM 

were used to analyze the surface composition and nanoparticle dispersion on the membrane-surface of 

the nanocomposite. using spectroscopy UV-Vis used to record the absorbance spectrum in the range 

of (200-800) nm for ultraviolet radiation. 

 Results: The direct energy gap (5.585, 5.310, 5.480, 4.986, 4.800) eV and the indirect (5.006, 4.880, 

4.916, 4.683, 4.490) eV and Urbach energy (2.38, 2.45, 2.94, 2.74, 3.67) eV were calculated.for the 

samples by ratio, as shown in Table No. 1. 

Conclusion: By investigating the optical characteristics of nanoparticles, such as their extinction and 

absorption coefficients, direct and indirect optical energy gaps, and Urbach energies .increase in 

extinction and absorption coefficients Urbach energy when adding nano carbide to polyvinyl alcohol, 

results show narrowing of the direct and indirect energy gaps. This suggests that the nanocomposite's 

optical characteristics have improved. 

 

Keywords: Nanocomposites, PVA, SiC, UV-VIS,FTIR. 
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1.INTRODUCTION   

Due to their widespread application in several industries, including photovoltaics, 

polymer composites—polymers plus additives—are the material of choice. [1], 

optoelectronics [2], preserving energy [3], supercapacitors [4], suppresses the flames [5], 

sensors [6], etc. are used in optical waveguide materials, colorimetric materials, solar cells, 

and light-emitting diodes (LEDs) as both passive and active layers [7]. In this regard, 

materials for photovoltaics are preferred due to their low cost and energy consumption. But 

the production process has grown increasingly challenging [8]. In previous research [9], 

Severe nanoparticles were sensitive to aggregating around PVA during the nanoparticles' 

dispersion in the PVA matrix. The tendency of the   crystals to form blocs as a result of 

Vandrfal's forces and the insufficient adhesion between the PVA matrix as reinforcing 

material are the main causes of this, To achieve stability and the uniform dispersion of SiC 

nanocrystals in the polymer matrix, focused study has been conducted in this regard. JS Cao 

et al, the presented a technique for coating the surface of SiC nanocrystals with polystyrene to 

increase the interfacial adhesion between a polymer matrix and SiC nanocrystals [10]. In the 

current study, SiC nanocrystals were used to improve their dispersion in a PVA matrix using 

distilled non-ionic water [11]. Utilizing FTIR research, the functionalization of SiC 

nanocrystals was validated, and the impact of SiC nanocrystals on the optical characteristics 

of PVA was thoroughly examined [12]. 

 

2. EXPERIMENTAL SECTION.                                                                                                                                                                                                                                                                                  

2.1.Materials                                                                                                                                                   

For the ablation of nanoscale silicon carbide, coarse silicon carbide No. 800 was employed as 

a laser target, and distilled deionized water (DW) was required to prepare all samples. Both 

NPs and a polymer solution have been produced using it in laser ablation. Approximately (7) 

and (5 106) /cm of water and resistivity (PH) were measured, respectively. The current work 

made use of polyvinyl alcohol (PVA). 

2.2 Nanostructure                                                                                                                                                 

Nano silicon carbide was prepared by laser ablation with a pulse wavelength of 532 nm, 

energy of 200 mJ, frequency of 6 Hz, and pulse rate, by placing the carbide piece in 

deionized distilled water in a beaker, and the piece is placed in the distance equal to the focal 

length of the lens It is 10 cm. In the concentration and extraction of sic NP, an amount of 

polyvinyl alcohol with different masses was prepared, whose mass was measured with a 6-

level sensitive scale, and then mixed with a magnetic stirrer, the proportions of sample No. 1 

(0.8 g of PVA 100 wt%, sic = 0 wt%) and sample #2 (0.79 g of PV = 99.10 wt%, sic = 0.90 

wt%), sample #3 (0.78 g of PVA = 99.09 wt%, sic = 0.91 wt%), sample #4 (0.77 g of PVA = 

99.07 wt% sic = 0.93 wt%) and sample #5 (0, 76 g of PVA = 99.05 wt%, sic = 0.95 wt%) as 

Table (1) shows. glass substrate with a circular shape, a diameter of 40 mm, and a thickness 

of 250 to 300 m was used in prior research to manufacture silicon carbide nanofilms of 

polyvinyl alcohol. A substrate for spin coating with a 40 mm diameter was made of glass that 
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had been covered in aluminum foil. On the spin coating machine's base, the composite was 

then put. At 750 rpm, run for 10 seconds. Samples were prepared for the tests by being kept 

at room temperature for 6 days while being separated from the substrate. 

 

2.3 Characterization 

A UV-VIS spectrophotometer was used to measure the absorption spectrum of nanoscale 

silicon carbide solutions and films and common polyvinyl alcohol in the wavelength range of 

(190–1100 )nm with a wavelength range of 6V 10W tungsten halogen lamp light source. 

Absorption, optical absorption coefficient, energy gap, Erbach energy, and extinction 

coefficient,  are found FTIR spectroscopy was performed using an ABB spectrometer (MB 

3000) in the range 4000–600 cm-1. For the determination of functional groups and field 

emission scanning electron microscopy(FESEM) measurements,TESCAN-MIRA II LMH 

was used. 

 

3. RESULTS AND DISCUSSION 

3.1 FT-IR Measurement 

Figure (1) illustrates a compound's molecular bonds and the FTIR test. For polyvinyl 

alcohols, functional groups are one of the major contributing factors to the nano polymers 

composite, and FTIR determines the presence of organic and inorganic molecular groups in 

the samples. Depending on the infrared absorption frequency range from (4000 to 600) cm-1, 

Fourier infrared (FTIR) spectroscopy was used For the analysis of functional groups and 

molecular bonds in nanocomposites, the specific molecular groups present in the sample will 

be determined through spectrum data in the origin program, as in the Figure. The intensity of 

this band rises and divides into peaks after increasing the concentration of implanted nano 

silicon carbide nanoparticles showing an increase in dipole momentum resulting from the 

interaction between O–H groups in PVA and nano silicon carbide (Si-H, C-OH). Thus, it can 

be inferred that the silicon carbide nanofiller interacts with hydrogen and oxygen atoms of the 

PVA backbone chains[13][14]. PVA nanocomposite Polyvinyl alcohol (PVA) –SiC 

nanocomposites, The peak around 2313 cm-1 represents the C≡C stretching, These 

vibrational peaks indicate the monomer structure of PVA. Peak related to the stretching 

vibration of O-H shift from 3335 cm-1 to 3714cm-1 in polymer nanocomposite films due to 

the reaction between PVA and SiC nano crystal stretching vibration shift from 3714cm-1 

lower wavenumber in PVA 3335 cm-1 Take note that the peak around in the nanocomposite 

film 3353 cm -1 represents a C≡H stretching and the resulting C-H stretching vibration peak 

is from 2979 cm-1 PVA to 2923cm-1 in the nanocomposite film in the literature[15] [13].For 

PVA and PVA-SiC nanocomposites, the PVA sample showed spectrum peaks of 3714 cm - 1 

and 2923 cm -1 They are thought to be brought on by the flexing vibrations of the O-H 

respectively, C-H bonds. Its peaks at 1729 cm-1  and 1245 cm-1 are attributed to vibration and 

bond stretching C=O and C–O double due to the residual acetyl group found in PVA, and 

single, respectively, Peak vibration occurs at 1417 cm-1 are assigned to the flexural and 

stretching modes of C-H in PVA structure while the peaks at 1056 cm -1 are assigned to the 

Si–O–C stretching vibrations in the literature [15] [16]. It is noted that the peak slightly 
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shifted toward the right side in all samples resulting from the incorporation of (SiC wt% ) in 

pva. In the nanocomposite film's FTIR spectrum, Many vibrations of bending in addition to 

elongation and stretching appeared due to the increase in the filler material (SiC) Stretching 

vibrations of the Si-C bonds in a group have also been discovered, stretching vibrations in a 

frequency range ranging from 845 cm-1 at 500 cm-1 or less 600 cm-1 [17][18]. Therefore, the 

occurrence of vibrations is consistent with both the PVA and the SiC, nanocrystals indicate 

Strong molecular interactions between PVA    and nanocrystals SiC and the percentage value 

of the transmittance decreases with increasing concentrations [19].  

 

3.2 UV-Vis Measurement  

The various optical characteristics of PVA and SiC nanocomposite films, which were created 

by dispersing different quantities of SiC nanoparticles in a PVA matrix, were examined using 

UV-Vis absorption spectroscopy. Based on equation(1) the optical energy gap of direct is 

computed.. 

and equation(2), the optical energy gap of indirect is computed[20].  

𝜶𝒉𝝂 =  𝑩(𝒉 𝝂 −  𝑬𝒈)𝒓   …………………………(1)   

Where: The Eg energy gap of direct trans B: constant. ν: frequency of the incident photon. r: 

exponential constant;  r= 1/2 for the allowed direct transition.  

𝜶𝒉𝝂 =  𝑩(𝒉𝝂 −  𝑬𝒈 ±  𝑬𝒑𝒉)𝒓  ………………….(2)                                                                                  

Where: Eg: The energy gap for indirect transitions.  Eph: The energy of phonon, is (+) when 

phonon absorption and (-) when phonon emission. (r=2) for the allowed indirect transition  

In Figure (2), through which the Determination of the optical energy gap for indirect 

transitions and Figure (3) shows the direct optical energy gap, with regards optical energy 

gap for indirect of pure polymer films (s1) and samples (s2, s3, s4, s5) of polyvinyl alcohol 

doped with silicon carbide nanoparticles in proportions (0.90%, (0.91%, 0.93%, 0.95%)wt 

respectively at room temperature and their respective values. The process of doping the 

samples (s2, s4, s5) with percentages(0.90%, 0.93%, 0.95%)wt led to lower values of the 

energy gap(4.880 ev,4.683 ev,4.490 ev) respectively, for the process of doping the sample 

(s3) for (0.91%wt), its effect was reversed, It led to an increase in the value of the energy 

gap(5.916 ev) as the literature indicates [21].The same is mentioned above in the direct 

transitions. Urbach energy values were calculated from the graph between the log of the 

absorption coefficient inside the y-axis and the energy values inside the x-axis as in Figure 

(4) pure polymer films (s1) (2.38ev) and samples (s2, s3, s4, s5) polyvinyl alcohol doped with 

silicon nano carbide in proportions (0.90%, 0.91%, 0.93%, 0.95%)wt respectively at room 

temperature and the values representing each(2.45ev,0. 2.74ev, 3.67ev) respectively as the 

literature indicates[22]. In Figure(4) Urbach energy increased in the second , fourth ,and fifth 

samples and increased in the third sample(2.94ev) slight increase, The high Urbach energy 

value suggests that the PVA-SiC nanoparticles have more structural disorder[23] due to 

increased concentrations of nanoparticles, and since the Urbach energy is a measure of the 

disturbance content, This suggests that following the inclusion of PVA-SiC nanocrystal, a 

disorder in the form of localized states inside the HOMO-LUMO gap of the PVA matrix has 

https://www.journalofbabylon.com/index.php/JUB/issue/archive
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developed. Table (2) shows the direct and indirect energy gap values and the Urbach energy. 

matrix has developed.  

 To calculate the absorption coefficient using equation (3)[24]:  

𝜶 =  𝟐. 𝟑𝟎𝟑( 
𝑨

𝒕
 ) …………………..(3)                                                                                                         

Where: 𝛼 the absorption coefficient and A the absorbance are the t thickness of the cheat. 

Figure (5) shows the absorption coefficient at wavelengths the absorption coefficient was 

calculated the reason is that the amount of optical absorption begins the integration of 

nanocrystals in the PVA matrix has decreased the distance between HOMO and LUMO 

levels [25]. This increased the process of electronic transitions with lower energies between 

the equivalence band(HOMO)  and the level of impurities as well as the usual transitions 

between energy packs, and thus increased the process of optical absorption of the incident 

rays, which caused a rapid increase in the value of the coefficient of Absorption the results 

indicated a significant enhancement in absorption coefficient up to 22.5 %, 27.1%,29%, and 

45% with increasing the contribution of silicon carbide concentrations in the nanocomposites 

up to(0%,0.90, 0.93, and 0.95)wt %, respectively. As for the sample (s3) against (0.91%) wt, 

we notice a decrease in the values of the absorbance coefficient 24.5% due to the decrease in 

the granular size and the increase in the granular boundaries, which led to the heterogeneity 

of the material[65]. The maximum absorbance coefficient at the wavelength range is 200 nm 

as long as we see that the absorbance coefficient increases with the increase in the 

concentration of silicon carbide nanoparticles in polyvinyl alcohol the transitions are found to 

be π → π *, The transition n → π* is discovered when the wavelength of all ratios is 

increased up to 230 nm . 

The extinction coefficient is calculated from the relationship [26]. 

     𝐾 =  𝜶𝝀/𝟒𝝅 …………………..(4) 

The extinction coefficient refers to the amount of attenuation that an electromagnetic wave 

gets when it passes through a material medium, and on this basis, its amount is determined by 

the interaction of the electromagnetic wave with the medium, where the fading coefficient 

was calculated as From the equation (4) as in Figure (6) that the extinction coefficient k, in 

general, is similar to the nature of the curves almost the absorption coefficient curves, the 

results indicated a significant enhancement in extinction coefficient up to 13.2 %, 

17%,18.4%, and 23. % with increasing the contribution of silicon carbide concentrations in 

the nanocomposites up to(0%,0.90, 0.93, and 0.95)wt %, respectively. As for the sample (s3) 

against (0.91%) wt, we notice a decrease in the values of the extinction coefficient  15% due 

to the decrease in the granular size and the increase in the granular boundaries, which led to 

the heterogeneity of the of doping and the reason for this is that Impurities built new levels 

within the energy gap, which increased the absorption coefficient and decreased the 

wavelength, and thus the optical energy gap decreases as a result of absorption[21][27]. 

 

 

 

 

 

https://www.journalofbabylon.com/index.php/JUB/issue/archive
https://www.journalofbabylon.com/index.php/JUB/issue/archive
mailto:jub@itnet.uobabylon.edu.iq
mailto:jub@itnet.uobabylon.edu.iq
mailto:info@journalofbabylon.com


Article 
JOURNAL OF UNIVERSITY OF BABYLON 

For Pure and Applied Sciences (JUBPAS)  

Vol.31; No.3.| 2023  
  

 

Page | 128 

0
6

52
-

19
9

2
 

P
ri

n
t 

IS
S

N
:

8
13

5 
 | 

 
-

23
12

IS
S

N
: 

 
   

   
   

   
  

w
w

w
.jo

u
rn

al
o

fb
ab

yl
o

n
.c

o
m

|  
ju

b
@

it
n

e
t.

u
o

b
ab

yl
o

n
.e

d
u

.iq
|  

 
   

in
fo

@
jo

u
rn

al
o

fb
ab

yl
o

n
.c

o
m

 
ــم

ج
جلــة 

ــــ
امعة ب
ـ

ل للعلــ
ـابــ

ــــــ
ص

وم ال
ـــ

رفــة 
ط

والت
ــ

بيقي
ــ

 ة
ــم

ج
جلــة 

ـــــ
امعة بـ

ــ
ل للعلـ

ـابــ
ـ

ص
وم ال

ـــ
ط

رفــة والت
ــ

بيقي
ــ

 ة
ـم

جلــ
ج

ة 
ـــ

امعة بـ
ـاـ

ل للعلـ
بــ

ــ
ص

وم ال
ـ

رفــة وال
ط

ت
ـــــــ

بيقي
ــ

 ة
 

3.3 Field emission electron microscopy  

used to show the morphology of the samples. Typical images showing and describing the 

formation and dispersion of SiC nanoparticles with different amounts by weight in polymer 

chains respectively . It is well known that SiC some particles have a strong tendency to 

agglomerate due to the presence of a strong interaction force between them and the surface 

tensile agent of the polymer as well [28]. Despite the gradual growth of the proportion of 

nanoparticles in polymer mixtures, the surface shape changes. The small, distinct polyvinyl 

alcohol chains are spherical, come in a variety of diameters, and some of the bigger chains 

include tiny very small pores inside the structure the field's imaging resolution was 200 nm. 

The FESEM test show that films are composite nano and particle size will increase except 

one sample will be decreased, the magnification is 200nm. In the first sample (s1) as in Figure 

(7), the surface is clarified in pure PVA film, which indicates the smoothness of the surface. 

Since no filler is added to the polyvinyl alcohol, therefore, there is no difference in the PVA 

polymer surfaces. , PVA appeared to be homogeneous and the grain size was 317 nm. Then 

there will be a noticeable change in the structure of (pure) PVA after adding SiC which can 

be seen in the Figures successively. In the sample (s2) as in Fig. (8), the grain size decreased 

to 33 nm. This means that there is a silicon carbide nanoparticles with a polyvinyl alcohol 

copolymer. And in sample (s3) as in Figure (9), the size of the granules was (30 nm) and this 

means that the sizes of the granules decreased, then in the sample (S4) as in Figure (10) the 

size and size of the granules increased (42 nm) and in The sample (S5) as in Figure (11) has 

increased in size (56 nm), and this means that the third sample has the lowest particle size and 

thus means an increase in the granular boundaries within the material (PVA) and there is also 

an agglomeration of SiC particles in PVA, the bonding between the two surfaces becomes 

Carbide and polymer material are weak, which increases the elongation in its mechanical 

properties in addition to decrease the conductivity [29]. 
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Table (1). Materials are weighed using a sensitive scale 

 

 

. 

 

 

 

 

 

 

 

                                                                                                                Figure 1: FTIR  

Table (2) shows the values of the direct and indirectenergy gap and Urbach energy)   
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weight 

fraction 

 

Nano sic 

Wt% 
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NO 

Sample 

Weight 

gm 

Wt% 

100% 0% 0.8 100% 1 

100% 0.90% 0.79 99.10% 2 

100% 0.91% 0.78 99.09% 3 

100% 0.93% 0.77 99.07% 4 

100% 0.95% 0.76 99.05% 5 
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Figure (2) shows the indirect optical energy. 
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Figure (3) shows the direct optical energy. 

 

 

 

 

 

 

 

    

   Figure (4) Shows Urbach energy         Figure(5) Shows the Absorbance Coefficient at  

Wavelengths. 
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 Figure (6) Extinction coefficient at Wavelength.      Figure (7) SEM micrograph PVA =100wt%)                                                                                                                                                                                                                             

                                                                                                           

 

                                                                                  

 

 

 

 

 

Figure (8) FESEM micrograph of sample           Figure (9) FESEM micrograph of sample  (PVA                   

(PVA =99.10wt% Nano SiC=0.90wt %)                               =99.09wt% Nano  SiC=0.91wt %) 

 

     

 

 

 

S2 S3 
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Figure (10) FESEM micrograph of sample   Figure (11) FESEM micrograph of sample             

 (PVA =99.07wt% Nano  SiC=0.93wt%)           (PVA=99.05wt% Nano SiC=0.95wt%) 

 

 5. CONCLUSION 

The sic-PVA polymeric nanocomposites were manufactured by adding silicon carbide 

nanoparticles extracted by pulsed laser to polyvinyl alcohol pva, and the FTIR examination 

was performed to find out the functional groups and the bonding of the bonds between the 

atoms, and the interaction between them, it was found that the reaction was Physical, not 

chemical, because no new bonds appeared or bonds disappeared, and the evidence for that 

interaction is Physical, FT-IR spectra show a shift in some bands and a change in the 

intensities of other bands compared with pure poly-blend films. and the FESEM examination 

was performed, and an improvement was shown in the distribution of nanoparticles in general 

in the polymer pva.Absorbance, the absorption coefficient, the extinction coefficient,  

increased with increasing weight percentages of silicon carbide nanoparticles with a slight 

decrease at SiC = 0.91 wt%. The optical energy gaps and the Urbach energy decrease with 

increasing SiC nanomaterials concentrations and the energy gap increases slightly at SiC 0.91 

wt%) it results showed an improvement in the optical properties after adding nanoscale 

silicon carbide . 
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 الخلاصة 
ل عكد  لكحصدو يُعتقد أن تعزيز الخصائص البصرية لأغشية كحول البولي فينيل النانوية وكربيدد اليديكينون أ در غداله الأ  يدة  المقدمة:

 أشباه ال وصلات غأقل فجوة طاقة لكتطبيقات في الأجهزة الكهربائية والشاشات الرق ية وأجهزة الاستشعار.
 ندانو تر 532تم فحص الخصائص البصرية لكحول الفينيل وكربيد الييكينون. يتم استخدام الكيزر النبضي غطول  وجي  طرق العمل:

كحدول  يي ات نانوية واسدعة الانتشدار فدي تينتديل اال داء وكحدول الفينيدلن. تدم إنشداء  ركد  ندانو  لإنشاء  ذه الجيي ات النانوية إل  ج
٪. تددم 0.95٪ ، و 0.93٪ ، 0.91٪ ، 0.90عديددد الفاينيددل تواسددطة جزينددات كربيددد اليدديكينون ال نكفددة غالدددوران  دد  النيدد  الو نيددة 

ت لتحكيدل تكدويل اليدطت وتشدتج الجيدي ا FESEM. تم اسدتخدام تقنيدات استخدام  طيافية فورييه لتحديد ال ج وعات الوظيفية القائ ة
طددا  ال يددتخدم لتيددجيل طيددص الا تصددا  فددي ن UV-Visالنانويددة عكدد  سددطت غشدداء ال ركدد  النددانو . غاسددتخدام التحكيددل الطيفددي 

 ن نانو تر للأشعة فو  البنفيجية.800-200ا
 ,5.006فدول  وغيدر ال باشدرةا -ن الكتدرون  4.800, 4.986, 5.480, 5.585,05.31تدم سيداف فجدوة الطاقدة ال باشدرة ا :النتاائ 
فدول  لكعيندات  -ن الكتدرون 3.67 ,2.74, 2.94 ,2.45 ,2.38فول  وطاقة اورباخا -ن الكترون 4.490 ,4.683 ,4.916 ,4.880

 عك  التوالي. 1تنيبة  والا تصاصية و عا ل الا تصا  و عا ل الخ ود ك ا في الجدول رقم 
 ددل لددلال التحقيددل فددي الخصددائص البصددرية لكجيددي ات النانويددة ،  ضددل  عددا لات الانقددرا  والا تصددا  ، وفجددوات  :الاسااتنتاجا 

عندد إادافة  Urbach.  يادة في الانقرا  و عا لات الا تصا  طاقة Urbachالطاقة الضوئية ال باشرة وغير ال باشرة ، وطاقات 
صددائص ، تظهددر النتددائي تضددييقشا  باشددرشا و فجددوات الطاقددة غيددر ال باشددرة.  ددذا يشددير إلدد  أن الخكربيددد النددانو إلدد  كحددول البددولي فينيددل 
 البصرية لك رك  النانو  قد تحينج.

 
 الكلما  المفتاحية

 الأشعة فو  البنفيجية,  طيافية فورييه.  ركبات النانو,تولي فينيل الكحول, كاربيد اليكينون ,
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