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Abstract

This research investigates the factors that a  ect the surface roughness and dimension of acrylic 
workpieces cut with a CO2 laser machine. The Taguchi method is used to analyze the factors 
according to statistical principles, followed by an analysis of variance (ANOVA). The experimental 
factors are divided into three levels: speed (1, 1.5, and 2 mm/s), maximum power (70, 80, 
and 90 %), and minimum power (70, 80, and 90 %). The surface roughness of the specimen 
will be measured using a portable surface roughness machine, while the size of the specimen 
will be measured using an external micrometer with a precision of 0.001 mm, to determine 
the post-cutting error dimensional. The results show that the speed factor signi  cantly a  ects 
the surface roughness and error dimension after cutting. Increasing the movement speed results 
in a decrease in surface roughness. The main factors that result in the least surface roughness 
are a speed of 1.0 mm/s, maximum power, and minimum power of 90 %. The main factors 
that result in the least error dimension after cutting are a speed of 2.0 mm/s, maximum power, 
and minimum power of 80 %.

Keywords: Taguchi Method; Surface Roughness; Error Dimension
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 1 1.0 70 70 0.184 0.079 14.499 0.013 3.34
 2 1.0 80 80 0.159 0.068 14.544 0.008 3.04
 3 1.0 90 90 0.118 0.034 14.445 0.007 3.70
 4 1.5 70 80 0.217 0.086 14.609 0.030 2.61
 5 1.5 80 90 0.168 0.051 14.670 0.210 2.20
 6 1.5 90 70 0.183 0.065 14.563 0.037 2.92
 7 2.0 70 90 0.185 0.109 14.621 0.021 2.53
 8 2.0 80 70 0.193 0.085 14.622 0.111 2.52
 9 2.0 90 80 0.200 0.025 14.651 0.087 2.33
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 1 1.0 70 70 14.7036 -10.4749
 2 1.0 80 80 15.9721 -9.6575
 3 1.0 90 90 18.5624 -11.3640
 4 1.5 70 80 13.2708 -8.3328
 5 1.5 80 90 15.4938 -6.8485
 6 1.5 90 70 14.7510 -9.3077
 7 2.0 70 90 14.6566 -8.0624
 8 2.0 80 70 14.2889 -8.0280
 9 2.0 90 80 13.9794 -7.3471
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  (2)  (Smaller is Better)  
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  6  
 (3)   7 

  (4)

 6 

   Source DF Adj SS Adj MS F-Value P-Value

 Regression 3 0.004806 0.001602 5.03 0.057
   Speed  1 0.002282 0.002282 7.16 0.044*
   Max Power 1 0.001204 0.001204 3.78 0.109
   Min Power 1 0.001320 0.001320 4.15 0.097
 Error  5 0.001592 0.000318    
 Total  8 0.006398      
 S = 0.0178459  R-sq = 75.11 %  R-sq(adj) = 60.18 %

  
Ra = 0.3521 + 0.0390 Speed - 0.001417 Max Power - 0.001483 Min Power (3)

   6  
  

   (3)

 7 

   Source DF Adj SS Adj MS F-Value P-Value

 Regression 3 1.27223 0.42408 3.17 0.123
  Speed  1 1.21500 1.21500 9.07 0.030
  Max Power 1 0.03682 0.03682 0.27 0.622*
  Min Power 1 0.02042 0.02042 0.15 0.712*

Error  5 0.66966 0.13393    
Total  8 1.94189      
S = 0.365966  R-sq = 65.52 %  R-sq(adj) = 44.82 %

  
Error Dimension = 3.99 - 0.900 Speed + 0.0078 Max Power - 0.0058 Min Power (4)

   7  
  P-Value  0.05 

 
  4

  
  6  7   R-sq(adj)  60.18 %  44.82 % 



13ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e255506

  R-sq(adj)  80 %  
 Linear Regression  

  
  Blocking 

3.  
   (  (3))  Ra

 0.139   1   
90 %  (  (4))  2.35 %  
2   80 % 
    8  10  (

 4  1 )   10  
0.1508   0.02 

 0.0118   8.5  
  10  (  2 ) 

 9   2.542 
 0.123  

0.192  8.17 

 8 

 
  1 2 3 4 5 6 7 8 9 10 Average

 Ra 0.135 0.137 0.155 0.156 0.168 0.160 0.143 0.159 0.129 0.168 0.1508
 S.D. 0.011 0.021 0.025 0.032 0.030 0.024 0.010 0.028 0.010 0.008 0.020

 9 

 
  1 2 3 4 5 6 7 8 9 10 Average

Error 2.567 2.403 2.367 2.180 2.313 2.207 2.670 2.790 2.253 2.767 2.452
Dimension

S.D. 0.170 0.101 0.208 0.027 0.198 0.016 0.077 0.136 0.013 0.287 0.123

 
 CO2  

    
 1. 



14 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e255506

 2.   
 

 3.  (Ra)   Orthogonal Array L9  
0.118  0.217    1.0 

  90 %
 4.   Orthogonal 
Array L9  2.20  3.70 % 

   2.0   80 % 
 5.  
CO2 

 
 1.  CO2  100  

 CO2   
50 80 100 130  150    

 
 2.  

 
 

 CO2

  
  

   
     

References

[1] Pawar, E. (2016). A Review Article on Acrylic PMMA. IOSR Journal of Mechanical and Civil 
 Engineering. Vol. 13, Issue 2, pp. 1-4. DOI: 10.9790/1684-1302010104
[2] Hwayyin, R. N. and Hammood, A. S. (2019). Improving the Properties of Acrylic by Creating 
 Crack Using Laser Beam. In IOP Conference Series: Materials Science and Engineering. 
 Vol. 579, DOI: 10.1088/1757-899X/579/1/012042
[3] Mushtaq, R. T., Wang, Y., Rehman, M., Khan, A. M., and Mia, M. (2020). State-of-the-Art and 
 Trends in CO2 Laser Cutting of Polymeric Materials-A Review. Materials. Vol. 13, Issue 17, 
 pp. 1-23. DOI: 10.3390/ma13173839
[4] Wangikar, S. S., Dixit, M. M., Wadekar, S. G., Nagtilak, H. R., Hingmire, N. D., and Shinde, D. P. 
 (2021). Parametric In  uence Study for Laser Cutting on Acrylic. In Proceedings of National 
 Conference on Relevance of Engineering and Science for Environment and Society. 
 pp. 104-107. DOI: 10.21467/proceedings.118.15



15ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e255506

[5] Moradi, M., Moghadam, M. K., Shamsborhan, M., Beiranvand, Z. M., Rasouli, A., Vahdati, M.,  
 Bakhtiari, A., and Bodaghi, M. (2021). Simulation, Statistical Modeling, and Optimization of CO2

 Laser Cutting Process of Polycarbonate Sheets. Optik. Vol. 225, DOI: 10.1016/ j.ijleo.2020.164932
[6] Palanisamy, C., Efzan, M. N. E., and Wen, C. C. (2023). Parametric and Heat A  ected Zone 
 Study on CO2 Laser Cutting of Acrylic. MethodsX. Vol. 10, DOI: 10.1016/j.mex.2023.102125
[7] Varsi, A. and Gupta, A. (2022). In  uence of Resolution on Surface Roughness During CO2 Laser 
 Beam Machining. International Journal of Mechanical Engineering. Vol. 7, No. 1, pp. 4797-4805
[8] Anbazhagan, G., Suseela, S. B., and Sankararajan, R. (2023). Design, Analysis and Fabrication 
 of Solid Polymer Microneedle Patch Using CO2 Laser and Polymer Molding. Drug Delivery and 
 Translational Research. Vol. 13, pp. 1813-1827. DOI: 10.1007/s13346-023-01296-w
[9] Shehab, A. A., Naemah, I. M., Al-Bawee, A., and Al-Ezzi, A. (2020). Hole Characteristic of CO2

 Laser Drilling of Poly-methyl Methacrylate PMMA. Journal of Mechanical Engineering 
 Research and Developments. Vol. 43, No. 3, pp. 186-196
[10] Pathak, A., Siddiqui, T. U., and Hussian, F. (2019). Investigation of Process Parameters of CO2

 Laser Beam Machining on Acrylic. International Journal of Innovative Research in Science, 
 Engineering and Technology. Vol. 8, Issue 5, pp. 4751-4757. DOI: 10.15680/IJIRSET.2019.
 0805159
[11] Hanizam, H., Salleh, M. S., Omar, M. Z., and Sulong, A. B. (2019). Optimisation of Mechanical 
 Stir Casting Parameters for Fabrication of Carbon Nanotubes-aluminium Alloy Composite 
 Through Taguchi Method. Journal of Materials Research and Technology. Vol. 8, Issue 2, 
 pp. 2223-2231. DOI: 10.1016/j.jmrt.2019.02.008.
[12]  Rao, R. V. (2011). Advanced Modeling and Optimization of Manufacturing Processes: 
 International Research and Development. Springer Science & Business Media
[13]  Elsheikh, A. H., Deng, W., and Showaib, E. A. (2020). Improving Laser Cutting Quality of 
 Polymethylmethacrylate Sheet: Experimental Investigation and Optimization. Journal of Materials 
 Research and Technology. Vol. 9, Issue 2, pp. 1325-1339. DOI: 10.1016/j.jmrt.2019.11.059
[14] Oktatian, E., Rosyidi, C. N., Pujiyanto, E., and Oktatian, E. M. (2021). Optimization of CNC 
 CO2 Laser Cutting Process Parameters on Acrylic Cutting Using Taguchi Grey Relational Analysis 
 and Response Surface Methodology. Research Square. DOI: 10.21203/rs.3.rs-1048691/v1
[15] Kam, M., pekçi, A., and engül, Ö. (2023). Investigation of the E  ect of FDM Process 

Parameters on Mechanical Properties of 3D Printed PA12 Samples Using Taguchi Method. 
Journal of Thermoplastic Composite Materials. Vol. 36, Issue 1, pp. 307-325. DOI: 10.1177/

 08927057211006459
[16] Hameed, A. Z., Aravind Raj, S., Kandasamy, J., Shahzad, M. A., and Baghdadi, M. A. (2022). 
 3D Printing Parameter Optimization Using Taguchi Approach to Examine Acrylonitrile 
 Styrene Acrylate (ASA) Mechanical Properties. Polymers. Vol. 14, No. 16, pp. 1-15. DOI: 
 10.3390/polym14163256
[17] Ninikas, K., Kechagias, J., and Salonitis, K. (2021). The Impact of Process Parameters on 
 Surface Roughness and Dimensional Accuracy During CO2 Laser Cutting of PMMA Thin Sheets. 

Journal of Manufacturing and Material Processing. Vol. 5, Issue 3, DOI: 10.3390/jmmp5030074



16 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e255506

[18] Badoniya, P. (2018). CO2 Laser Cutting of Di  erent Materials-A Review. International Journal 
 of Engineering Research and Technology (IRJET). Vol. 5, Issue 6, pp. 2103-2115
[19]  Khan, M. M. A., Saha, S., Romoli, L., and Kibria, M. H. (2021). Optimization of Laser Engraving 
 of Acrylic Plastics from the Perspective of Energy Consumption, CO2 Emission and Removal Rate. 

Journal of Manufacturing and Materials Processing. Vol. 5, Issue 3, DOI: 10.3390/jmmp5030078
[20]  Shari  , M. and Akbari, M. (2019). Experimental Investigation of the E  ect of Process Parameters 
 on Cutting Region Temperature and Cutting Edge Quality in Laser Cutting of AL6061T6 Alloy. 

International Journal for Light and Electron Optics. Vol. 184, pp. 457-463. DOI: 10.1016/
 j.ijleo.2019.04.105
[21] Khoshaim, A. B., Elsheikh, A. H., Moustafa, E. B., Basha, M., and Showaib, E. A. (2021). 
 Experimental Investigation on Laser Cutting of PMMA Sheets: E  ects of Process Factors on 
 Kerf Characteristics. Journal of Materials Research and Technology. Vol. 11, pp. 235-246. 
 DOI: 10.1016/j.jmrt.2021.01.012



17ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e257001

A Mixed-Integer Programming Model for Solving a 
Two-Level Location-Routing Problem in Biomass 
Supply Chains

 1  1*

Jaonai Krutchaiyan1 and Aua-aree Boonperm1*

Received: June 3, 2024; Revised: July 5, 2024; Accepted: July 10, 2024

 

   
 

 
 12.92 %   

 

 : ; ; 
  ; 

1   ( )
1 Faculty of Science and Technology, Thammasat University
* Corresponding Author, Tel. 08 1735 2453, E - mail: aua-aree@mathstat.sci.tu.ac.th



18 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e257001

Abstract

This study presents a mixed-integer programming model to address the location and routing 
problem for optimizing a two-level biomass supply chain. The primary objective is to select 
collection points and determine transportation routes from forest areas to collection points 
and from these points to biore  neries to minimize the total cost. While the initial model is 
non-linear, a linearization approach facilitates e   cient solution  nding. Real-world biomass 
data is used to evaluate the model's e  ectiveness. The results demonstrate that the two-level 
routing strategy signi  cantly reduces overall costs by up to 12.92 % compared to a single-level 
approach. Consequently, the  ndings of this study can enhance the logistics e   ciency of the 
biomass supply chain in Thailand, promoting the sustainable development of biomass energy 
in the future.

Keywords: Mixed-Integer Programming Model; Two-Level Location-Routing Problem; Biomass 
   Supply Chains; Linearization Technique
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 1972 [14]    
 1987 [7]      
 1998 [10]   
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 1 
   ( )

  . .  BSC FLP VRP LRP TLRP  2
 2007 [11]      
 2009 [12]      
 2011 [2]     
 2012 [3]     
 2018 [4]     
 2018 [5]     
 2021 [19] 
 2023 [21]       
 2023 [22]    
 2023 [13]      
 2023 [16]   
 2024 [17]     
 2024 [18]   
 2024 [20] 
  2024 This study

 
 

   
 

1. 
   

 
  

   
 Supplier  

Collection Site   1  1  
 Collection Site  Supplier  

Collection Site  (Bio-Re  nery) 
 2  TLRP  

  Supplier  Collection Site   
Collection Site  Bio-Re  nery  TLRP  

 2
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 2  TLRP 

    
  1.  

 1  2   1 
 2

  2.  1  2   2 
 1 

  3.  Collection Site  2
  4.  Collection Site  1
  5.  Supplier  Bio-Re  nery   Collection Site

 Bio-Re  nery 
  6.  Bio-Re  nery  2
  7.  Supplier  1
  8.  Collection Site  Bio-Re  nery 

2. 
   (Mixed-Integer 
Programming Model: MIP)  Collection Site 

   
     2 - 4 

 2 

  
 V1   Supplier 
 V2   Collection Site 
 B   Bio-Re  nery 
 L1   Supplier  Collection Site ( )
 L2   Collection Site  Bio-Re  nery ( )
 K1   1
 K2   2
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 3 

 
  i  j  1

 fi   Collection Site i
 c   1 
 vc1   1   1
 n1   Supplier 
 n2   Collection Site 

   i  j  2
 vc2   1   2
 vcap1   1
 vcap2   2
 CScap   Collection Site
 pi   Supplier i

 4 

 
 xijk   i  j  k    
    

yi   Collection Site i   
    

zij   Supplier i  Collection Site j    
    

aijk   i  j  k    
    

bij   Collection Site i  Bio-Re  nery j    
    

   1    
   2    

     (Minimum Cost) 
 Collection Site  1 

 1  2 
 2   (1) 

   
Collection Site  (2) - (31)
   (Objective Function)

 (1)
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   (Constraint)

 (2)
  
 (3)

 (4)

 (5)
  
 (6)
  
 (7)

 (8)

 (9)
  
 (10)
  
 (11)
  
 (12)
  
 (13)
  
 (14)

 (15)

 (16)
  
 (17)

 (18)
  
 (19)
  
 (20)
  
 (21)
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 (22)

 (23) 

 (24)

 (25)
 (26)
 (27)
 (28)
 (29)
 (30)
 (31)

   1 (  (2) - (12)) 
 2 (  (13) - (21))  (  (22) - (24)) 

 (  (25) - (31))  5

 5  

   
 (2)  Supplier  1 
 (3)  1   
 (4)  Collection Site  1 
 (5)  Collection Site  1 
 (6)  Collection Site 
 (7) Supplier  Collection Site 1 
 (8) Supplier  Collection Site 
 (9)  Supplier  Collection Site 
 (10) - (11)  1  Collection Site
 (12)  1 (  Supplier  Collection Site)
 (13)  Collection Site  1 
 (14)  2   
 (15)  Bio-Re  nery 
 (16)  Bio-Re  nery  1 
 (17)  Collection Site   Bio-Re  nery 1 
 (18)  Collection Site  Bio-Re  nery 
 (19) - (20)  2  Bio-Re  nery
 (21)  2
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 5  ( ) 

   
 (22)  1
 (23)  Collection Site
 (24)  2
 (25) - (31) 

3. 
     (24)  (Nonlinear Function) 

    
   

(Linearization)  zij  aijk    
 zaijkl = zijaljk

  zaijkl =    i  j  1  l  k  2
         
       

    (24)  (32)

 (32)

    (33) - (35)

(33)
 (34)
 (35)

   (33) - (34)   zij = 0  aljk = 0  zaijkl = 0 
 (33) - (35)  zij = 1  aljk = 1  zaijkl = 1  (33) - (35) 

  zaijkl  zijaljk

    
   (1)  (2) - (23) 

 (25) - (35) 

  [16] 
   Supplier  Supplier

 Collection Site  Supplier 
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Collection Site   Supplier    
   Supplier  10   Collection Site  3  

 6

 6    Supplier

      ( .)
 Collection Site 1 15.1505030 104.6584878 -
 Collection Site 2 15.1344963 104.6327180 -
 Collection Site 3 15.1673784 104.6866989 -
 Supplier 1  15.1615522 104.6905147 57
 Supplier 2  15.1526875 104.6168721 396
 Supplier 3  15.1366762 104.6333192 849
 Supplier 4  15.1472667 104.6299594 113
 Supplier 5  15.1430998 104.6305810 396
 Supplier 6  15.1430998 104.6324031 226
 Supplier 7  15.1593389 104.6918025 396
 Supplier 8  15.1315736 104.6599839 113
 Supplier 9  15.1664174 104.6721321 226
 Supplier 10 15.1327825 104.6830828 283

     Bio-Re  nery 
  Supplier, Collection Site  Bio-Re  nery  3

 3  Supplier, Collection Site  Bio-Re  nery 

  Supplier, Collection Site  Bio-Re  nery   
 Google Map    

 1  1,500   2 
 5,000   1  2  1,500   4,000  

 33   
 Gurobi  Python 

  65,965   Collection Site  
 1  2  4
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 4  Collection Site 

  3   Collection Site  2   3   1 
 2   29,277.43  

  2  
 33,619.97   4,342.54  

 12.92 % 

  Supplier  
Supplier  Collection Site  Collection Site  Bio-Re  nery 

  
    

 
  

 2   
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(3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one)
Synthesis and Antioxidant Activity of a Flavonol-Based 
Fluorescent Probe (3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one)
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  DPPH Assay 
  (3-hydroxy-2-(pyren-1-yl)-

4H-chromen-4-one)  
 2,2-diphenyl-1-picrylhydrazyl (DPPH)  Folin-Ciocalteau’s

Reagent  
  355  

 418  (Ex 355 nm/Em 418 nm) 
  DPPH Radicals  44.7  

 10 mg/mL  1.239±0.043 mgGAE/gDW
 1.312±0.014 mgCE/gDW  

 : ; ; ; ; 

1  
2 
3  , 
4 , 
5  , 
6  
7   , 
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Abstract

The purpose of this study was to investigate the absorption, emission properties, antioxidant 
activities, total phenolic compound, and total  avonoid contents of the  avonol-based 
 uorescent probe (3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one). The antioxidant activity was 

evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. Total phenolic content was 
also determined using Folin-Ciocalteau's reagent with gallic acid as a standard, as well as total 
 avonoid content using quercetin as a standard substance. The results found that  avonols 

have absorption properties. It has the highest absorbance at 355 nm and the highest emission 
at 418 nm (Ex 355 nm / Em 418 nm). Furthermore, synthetic  avonols were discovered to have 
antioxidant properties, with DPPH radicals showing a 44.7 % anti-oxidation value at 
10 mg/mL. Total phenolic content and total  avonoids were 1.239±0.043 mgGAE/gDW and 
1.312±0.014 mgCE/gDW. Therefore, synthetic  avonols exhibit antioxidant activity. 
The  ndings of this study can be used to develop new products as well as medical research.

Keywords: Flavonols; Fluorescent Probe; Antioxidants; Phenolic Content; Flavonoid Content

     [1] - [3] 

 (-OH)  1 [4] - [6] 
 -ring hydroxylation  3’ 

 4’   4’  (  1)   
(Quercetin)  (Kaempferol)  [4], [7] 

 [8] - [11]  UV-B
 [12] - [13] 

    
 [14] - [15]   [9] - [10], [16] 

   P-vitamin [17] - [19] 
   [17] 

  
 

 2-  (2-hydroxyacetophenone)  [9] - [10], [20] 
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  [21] - [23] 
 (Excited State Intramolecular 

Proton Transfer (ESIPT)) [24] 
  (Normal Form)  (Phototautomer 

Form)  
 

     Tautomeric Forms [17], 
[25] - [27]  

 [17], [28]
  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  

 Pyrene  [29] 
 

    3-hydroxy-2-(pyren-1-yl)-4H-
chromen-4-one   

  3-hydroxy-
2-(pyren-1-yl)-4H-chromen-4-one  

  
  

 [17]

 1     -3-   
  

    
(3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one)
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1.  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
    100 oC  Sigma 
Aldrich, TCI ( , ), Carlo Erba (Emmendingen, ), Acros (Geel, ), Merck
(Rahway, NJ, USA)  

 (Carlo Erba)  
 (TLC)  60 F254 (Merck) 

 254 
     UV-vis (Agilent 
Technologies Cary 300, Santa Clara, CA, USA)  (PerkinElmer 
LS55, Liantrisant, UK)  (NMR) (1H  13C NMR) 

 Bruker (500 MHz) (Rheinstetten )  TMS 
 ESI  (HRMS) 

2.  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29) [31]
    2-hydroxyacetophenone (2.73 , 2.4 , 20 )  
150   40  

 Stirrer   60  
 40 

 4.6  (20 )  pyrene-1-carbaldehyde  
12   50  

 pH  2 
  30  

 3   100  
 

 Chalcone (  2)  TLC
 

 50   
   Chalcone 30   150   20  

 40  
  30   30    

 7  
   

 60   (Flavonol) 
 78  

 2  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
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3.  -  
   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  1  

 2 mL  1.5 mL 
 1 L  

 0.5 L   MALDI-TOF 
Mass Spectrometer (JEOL JMS-S3000)  UV (  350 ) 

  
4.  (NMR)

    3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 30  
2 mL  Deuterated Chloroform  1 mL 

 0.5 mL  NMR Tube 
  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  

NMR  500 MHz
5. 

   Stock Solution  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 
1,000 mM  (DMSO)   

  -  (Agilent Technologies 
Cary 300, Santa Clara, CA, USA) 

      
   2,475 L  Cuvette  3,000 L  

Stock Solution  25 L  
 Blank 

 Blank
    
(PerkinElmer LS55, Liantrisant, UK)  355 nm  
200 - 750 nm   

-   Blank 
  6.  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29)
  6.1   DPPH Radical Scavenging Assay [30]
     3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 

 DPPH Radical Scavenging Assay  
(Ascorbic Acid)   2,2-diphenyl-1-picrylhydrazyl (DPPH)  
0.25 mM  95    (50,000 g/mL) 

 125 250 500 1,000 2,500 5,000  10,000 g/mL  
      125 250 500 1,000 2,500 5,000 

 10000 g/mL  20 L  96 Well Plate  DPPH
180 L    Blank  30   

 510   Microplate Reader  BioTek
 Synergy H1  Free Radical Scavenging Activity  
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% Scavenging Activity  
  

Scavenging Activity (%)   

   
    A0     Control
      A1     

  6.2    Folin-Ciocalteu Colorimetric Method [31]
     (Gallic Acid) 0 - 10,000 g/mL  
95   125 250 500 1,000 2,500 5,000  10,000 g/mL
     95   

  20 L  96 Well Plate  
10  Folin-Ciocalteu Reagent (FCR) (w/v) 100 L  96 Well Plate  6  

  15   (Sodium Carbonate; Na2CO3) (w/v) 
 80 L  90    

750   Microplate Reader  BioTek  Synergy H1 
 
 

  6.3   (Total Flavonoid Content)  Aluminium 
Chloride Colorimetric Method
     0 - 10,000 g/mL  95  

 125 250 500 1,000 2,500 5,000  10,000 g/mL
     95    

  96 Well Plate  20 L  40 L 
 10   20 L  5   

10   20 L  6   1  
 100 L  OD  510   3  

 Positive Control

1.  -    
(NMR) 
   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one

 -   
 362.0943  C25H14O3

+

 (m/z) 363.093 (  3)
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 3  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 
  -   

     3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one

 (NMR)  (1H) 
 4  Chemical Shift ( ) =  

(Hz)  ppm  NMR Spectrometer (MHz)  1H NMR (500 MHz, CDCl3)  12.98 
(s, 1H), 9.07 (d, J = 15.0 Hz, 1H), 8.55 (d, J = 10.0 Hz, 1H), 8.40 (d, J = 5.0 Hz, 1H), 8.23 (dd, J = 5.0, 
5.0 Hz, 2H), 8.20 (d, J = 10.0 Hz, 1H), 8.17 (d, J = 10.0 Hz, 1H), 8.14 (d, J = 5.0 Hz, 1H), 8.07 
(d, J = 10.0 Hz, 1H), 8.04 (t, J = 10.0 Hz, 2H), 7.90 (d, J = 15.0 Hz, 1H), 7.54 (t, J = 5.0 Hz, 1H), 
7.08 (d, J = 10.0 Hz, 1H), 6.99 (t, J = 5.0 Hz, 1H) 

 4  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 
  (1H NMR) 
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     (13C) 
 5  Chemical Shift ( ) =  (Hz)  ppm

 NMR Spectrometer (MHz)  13C NMR (125 MHz, CDCl3)  193.5, 163.8, 142.0, 136.4, 
133.3, 131.3, 130.7, 130.6, 129.7, 129.0, 128.9, 128.3, 127.3, 126.4, 126.3, 126.1, 125.1, 125.0, 124.6, 
124.3, 122.5, 121.9, 120.2, 118.91, 118.7

 5  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 
  (13C NMR) 

2. 
   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 

   (ACN)  (DCM)  (DMF)  
(DMSO)  (EtOH)  (MeOH)  (THF)  (Toluene) 

 6  7    Tautomeric Forms
 UV-Vis Absorption  6  355  

 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  7 Fluorescent 
Spectra  418  (Excited at 355 nm)  
Polarity Index  2.4 - 4      
3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  (Fluorescence Intensity) 

 5,200 - 6,800
   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 

 Like Dissolves Like 
  Polarity Index

 5.1 - 7.2       
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   400 - 500  
  

  
3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  418  

 6 UV-Vis Absorption  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  10 m
  

 7 Fluorescent Spectra  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  10 m 
 Excitation Wavelength  355 nm

3.   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
    DPPH Radical Scavenging Assay

 0.25 mg/mL  DPPH Radicals
 45.9   3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29) 

 1 2.5 5  10 mg/mL  25.2 39.5 41.0  
44.7   8 

  
 40 
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 8  (% Inhibition)  (mg/mL) 
 

4.  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
  

 Positive Control (  9) 
 0.25 0.5 1  2.5 mg/mL 

  Optical Density (OD)  0.965 1.790 2.775  3.932   
OD  

 OD  0.232 0.337 0.499  0.964  
 2.5 mg/mL  OD 

 0.25 mg/mL   y = 0.7971x - 0.4886, 
R2 = 0.9907  1.239±0.043 mgGAE/gDW  1

 9  Phenolic 
 Compounds  (mg/mL)  
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5.  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
  

 (Quercetin)   y = 0.6797x - 0.2929, R2 = 0.9927  
1.312±0.014 mgCE/gDW  1  0.125 mg/mL 

 OD   10 
 (1.239±0.043 mgGAE/gDW)  

(1.312±0.014 mgCE/gDW) 

 10  
Flavonoid  (mg/mL)  (Quercetin)

 1  (TPC)  (TFC)  3-hydroxy-2-(pyren-1-yl)-
  4H-chromen-4-one

   
  1 2 3 ±S.D.

  0.456 0.540 0.500 0.499±0.034
TPC    (mg/gDW)

 (mgGAE/gDW) 1 2 3 ±S.D.

  1.185 1.290 1.240 1.239±0.043
    
  1 2 3 ±S.D.

 TFC 0.586 0.603 0.608 0.599±0.009
 (mgCE/gDW)    (mg/gDW)
  1 2 3 ±S.D.

  1.293 1.318 1.325 1.312±0.014

All data were expressed as mean ±S.D. for 3 replications
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 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 
 10 mg/mL  44.7   0.25 mg/mL 

 1.239±0.043 mgGAE/gDW  1.312±0.014 mgCE/gDW
 355   

418   
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 RTTV  38.74 W/m2  9.50 W/m2 
 303,831.88 kWh/Year  261,010.92 kWh/Year

 1,761,351.93   9.72  
 53.96 

 : ; ; ; ;  BEC 

  Web-based

Abstract

This research studied the net energy use of a building: Chaloem Phrakiat 56th Anniversary 
Building. The building was utilized for 8 hours and has been in operation for over 10 - 15 years, 
necessitating improvements for energy conservation according to ministerial regulations. 
Architectural studies and building surveys were conducted to assess energy usage in the 
building, including the building materials and building systems, and to simulate the building 
using the online Building Energy Code (BEC) Web-based program. The results were compared 
with the Ministerial Regulation Prescribing Type or Size of Building and Standard, Criteria 
and Procedure in Designing Building for Energy Conservation B.E. 2563 (2020) to propose 
improvement measures. The study results found that the total heat transfer value of the walls 
was 53.251 W/m2, and the roof was 37.305 W/m2, which exceeded the ministerial regulation 
criteria of 50 W/m2 and 10 W/m2. The building systems met the ministerial criteria. 
The proposed improvements included adding heat-insulating  lm coated with heat-reducing 
substances and increasing roof insulation with low thermal conductivity and high thermal 
resistance properties. As a result, the OTTV and RTTV values decreased by 38.74 W/m2 and 
9.50 W/m2. The overall energy consumption of the building, which was initially less than 
the reference building at 303,831.88 kWh/year, was reduced to 261,010.92 kWh/year 
after the improvements. In terms of the budget, the investment feasibility was approximately 
1,761,351.93 Baht, with a payback period of 9.72 years. This leads to potential cost saving 
for the university by reducing electricity expenses by 53.96 % after the building improvement.

Keywords: Educational Building; Overall Thermal Transfer Value; Roof Thermal Transfer Value;
   Energy; BEC Web-based

  
   

 
  [1] 

  
  

. . 2563   (Building Energy Code  BEC) [2] 



47ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256011

 2,000  
 9         
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(U-Value)   OTTV  RTTV 
   



48 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256011

 2.02 %   6.23 % 
  [6] 

   8  
   

  BEC (BEC Version 1.0.6) 
 

   
  

 2    1   9 .  EPS
 35 .  3 .  OTTV   5.43  

  2   12 . 
  9 .   

6 . (SHGC 0.55)  OTTV   5.36  
    75 . 

 RTTV   1.24  
   

  
   

   
    

  BEC 
  

  Thailand 4.0   Energy 4.0  
 BEC   “  BEC 

Web-based”   
 BEC 

  56   
 8   9,544.28   

10 - 15   (8 )  
  BEC Web-based 

  
 1   (Whole Building Energy) 

  
  

  

 BEC  
 (OTTV  RTTV) 
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 BEC   2 

 2 

   56   
    . . 2563 

  1 
 8  [7] 

    
8     3  
9,544.28   3,753.89   5,790.39  

 443.616   
  ( ) 

 (Envelop) :     
 2      1 - 3 

 BEC Web-based 
 (OTTV)  (RTTV) 

 

  

-  

 

-  
 

-  
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 3  56 

 1 

  1     2   

 3  2   Air Gap 0.425 .  4  
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 2 

  1  12 . +  10 .  2  6 .+  10 .

  3  12 .  4  10 .  5  6 .

 3 

 1   2 

 (Lighting System):    
 T8   ( ),  , 

 ( )   
 4  4  BEC Web-based 

 4  56  

    
     ( ) 
 1.   T8   -  T8 60 /
   1 x 36   (1 x 36) + 6 = 42    1/
   6     /
      
2.  T8  -  T8  470 /

   2 x 36   (2 x 36) + 6 = 78   / 
   6    /
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 4  56  ( )

    
     ( ) 
 3.  -  69 
   1 x 32   
   6  (1 x 32) + 6 = 38 
 4.  T8   -  T8 48 
   1 x 18   (1 x 18) + 6 = 24 
   6 
 5.  11  180 / /
   11     
6.  12  12  89 

   
 ( )  ( )  1  ( )   ( )  

 4  56 

 (Air Conditioning System) :    
     (Split 

Type)  (Package Unit)   5 
 5  BEC Web-based 

 5  56 

    COP  
      (kW) (   ( ) 
    (BTU/hr)  )
 1. 
  Air Split_01 12,000 1.090 3.226   6 - 7 8
  Air Split_02 24,000 2.180 3.226   7 5
  Air Split_03 26,560 2.250 3.459   1 - 6
         1  
  Air Split_04 30,510 2.500 3.576   1 8
         7 - 8
  Air Split_05 32,000 2.910 3.226   6 2
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 5  56  ( ) 

    COP  
      (kW) (   ( ) 
    (BTU/hr)  )
  Air Split_06 36,000 3.270 3.226   6 - 7 5
 2. 
  Package Air_01 110,000 9.160 3.519  Slope  4
        4

 ( )  1 ( )  2

 ( )  3 ( )  4
 5  56 
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 ( )  5 ( )  6

 ( )  7 ( )  8
 5  56  ( )

 (Hot Water System) : 
 (Renewable Energy) : 

   56  
 2     (OTTV) 

 (RTTV) 
  

 BEC Web-based 

 1.   56   
303,831.88 kWh/Year   

 5  
 [8]   

 [9]  2  
 42,820.96 kWh/Year  6
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 6  

    
 
 Whole Building Energy  303,831.88 383,191.570 79,359.69
 (kWh/Year) 
 
 Whole Building Energy  261,010.92 383,191.570 122,180.65
 (kWh/Year) 

 2.     
 BEC  

. . 2563  1  [10]   
   7 - 8 

   
  2.1   (Envelope)  

 7 

 
 1  12 . +  10 .  1  12 . +  10 . 

            +  PR50

 2  6 . +  10 .  2  6 . +  10 .
  + 

 3  12 .  3  12 . + 
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 7  ( )

 
 4  10 .  4  10 . + 

 5  6 .  5  6 . + 

 8 

 
  1   1  
  +   2 

 2   2 
  +   2 

    
 1.20   0.15   0.70   

0.70   3.50   (SC)   9 
 6
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 9  (SC) 

    SC 
  WW NN EE SS

 3.60 x 2.70 0.84 - - -
 7.40 x 1.00 0.54 - 0.56 -
 1.40 x 6.50 0.56 - - -
 2.40 x 2.00 0.60 - - -
 24.00 x 1.00 - 0.56 - -

:  SC  BEC Web-based

 6  56 

   (WWR)  56  
  10 

 BEC Web-based

 10  (WWR)

   WWR

  34 %(90 )  



58 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256011

 10  (WWR) ( )

   WWR

   

(180 )  41 %

   

 
(270 )  47 %

  

(0 )  37 %

  

  2.2   (Lighting System)  56  
    T8   (  Re  exion), 

 ,  ( ) 
   

 47,846   9,544.28  
 (Lighting Power Density, LPD)  5.01  

  11

 11  56  

   
   47,846 
    9,544.28 
  (LPD)  56  5.01 
  (LPD)   10 
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  2.3   (Air Conditioning System)  
56    2    (Split Type) 

 (Package Unit)  (COP) 
  COP  56  
 BEC Web-based   12

 12  (COP)  56 

    COP

   3.226, 3.459  3.576
   3.519
  (COP)  3.22

  

 3.   . . 2563  1 
  56  

   ( ) 
  

  
   . . 2563 
 13

 13  56  
  

     
  OTTV (A/C Zone) 53.251 W/m2 50 W/m2 
  RTTV (A/C Zone) 37.305 W/m2 10 W/m2 
  Lighting System 5.01 W/m2 10 W/m2 
  Air Conditioning  3.22, 3.459, 3.576, 3.519 3.22   System (COP) 
  Whole Building 303,831.88 383,191.570   Energy (kWh/Year)
  OTTV (A/C Zone) 38.74 W/m2 50 W/m2 
  RTTV (A/C Zone) 9.50 W/m2 10 W/m2 
  Lighting System 5.01 W/m2 10 W/m2 
  Air Conditioning 3.22, 3.459, 3.576, 3.519 3.22   System (COP)
  Whole Building  261,010.92 383,191.570   Energy (kWh/Year)
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  (Whole Building Energy)  

  
 2   1    

   
 2  

   1  2  
  [11] 

  56  
  1  

  2  56  
  13 

  56  
 2   335,691.50 /  

 1   
 2    

   
  

  OTTV  RTTV  13 
 14.09 

 181,139.13 /   53.96 
 [12]   13.15 

  1 
 

   14 

 14  56 

         
     /  /  
      ( )  ( ) ( )
 1  650.71 . . - - 25.00 16,267.75 16,267.75
 2  650.71 . . 250.00 162,677.50 25.00 16,267.75 178,945.25
  
  2 
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 14  56  ( )

         
     /  /  
      ( )  ( ) ( )
 3  650.71 . . 298.00 193,911.58 75.00 48,803.25 242,714.83
   
  9 .
 4  733.88 . . 1,240.00 910,011.20 - - 910,011.20
  
   
   1,347,939.03
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Abstract

This paper focuses on the parametric study of foam-  lled polygonal thin-walled tubes subjected 
to torsion using experiments. The tube shapes include circle, octagonal, hexagonal, and square. 
The tubes have the same perimeter, length, and material. The e  ects of foam density and the 
number of polygon corners are also investigated. The parameters for analysis are average force, 
maximum force, absorbed energy, and speci  c absorbed energy. The experimental results 
show that failure behavior starts at one end of the tube, and the number of hinge lines increases 
with the torsional angle. The results for foam density concluded that the average force, 
maximum force, absorbed energy, and speci  c absorbed energy of foam with a density of 
100 kg/m3 are the highest, while those of foam with a density of 50 kg/m3 are the lowest. 
Furthermore, the results for polygonal shapes indicate that the circular tube has the highest 
average force, maximum force, absorbed energy, and speci  c absorbed energy, followed by 
the octagonal and hexagonal tubes, with the square tube being the lowest.

Keywords: Polygonal Tubes; Torque; Foam-  lled; Experiment
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Abstract

This study aims to investigate the factors a  ecting the quality of cauli  ower powder, focusing 
on two variables: 1) pre-drying heat treatment (blanching and non-blanching) and 2) drying 
temperature (50 and 70 oC). A 2x2 factorial design in a Completely Randomized Design (CRD) 
was used. The color charateristics of the cauli  ower powder were analyzed, revealing that 
blanching follwed by drying at 50 oC resulted in signi  cantly higher lightness (L*) and lower 
redness (a*) and yellowness (b*) (p 0.05). The chemical quality analysis showed that blanch-
ing and drying at 70 oC yeilded the lowest moisture content and water activity (aw), while the 
dietary  ber content was the highest (p 0.05). Cauli  ower powder processed with blanching 
and drying at 50 oC was then used to replace wheat  our in tuile cookies at 0, 10, 20 and 30 % 
substitution levels. Increased subsitution levels resulted in decreased lightness (L*), increased 
redness (a*), and increased yellowness (b*) of the cookies. The hardness (crispness) of the tuile 
cookies signi  cantly decreased (p 0.05), while the moisture content, water activity (aw), and 
dietary  ber content increased to the control formula. Sensory evaluation indicated that higher 
substitution levels of cauli  ower powder led to signi  cantly lower scores for color,  avor, taste, 
texture, and overall preference (p 0.05). However, the appearance did not show signi  cant 
di  erences (p>0.05). Substitution of up to 20 % of wheat  our with cauli  ower powder was 
feasible without signi  cantly a  ecting the overall preference compared to the control formula 
(p>0.05).

Keywords: Cauli  ower Powder; Wheat Flour; Tuile Cookies

 1,300  1  3 
 8 

 
   UN  . . 2030 

 50 
 (Food Surplus) 

    
 

     
      

    (Curd) 
 

  
 (Bata-Carotene)  (Lutein)  (Zeaxanthin) 

 (Choline)     
   (Folate) 



78 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

 (Glucosinolates)   
(Indole)  (Isothiocyanate) 

   [1]  
      

 [2] 
   

   
     

  
  

 [3] 
 

 
   

 

1. 
   1  

  
 0.2  10   1   5  

 
   1  2   1 

 96 - 98 oC  3  [4]   2  
  

   2   2   
(Owner Food, TD10, Bangkok)  50  70 oC  [3] 

 [4]  14 (  
 . 375-2524) 

 300  
   (HunterLab, ColorFlex EZ, USA) 

 (Water Activity: aw)  (Aqua Lab, 4TE, USA) 
 AOAC (2000)  AOAC (2005) 

 2x2 Factorial in CRD  IBM SPSS Version 23 
 Duncan’s Multiple Range Test (DMRT) 

 95 
  



79ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

 ( )  ( )  ( ) 
 1 

2. 
    1 

  [4] 
 0 10 20  30     2

 2  

     
   ( )  ( )
   0 10 20 30
  52 46.80 41.60 36.40
   0 5.20 10.40 15.60
   78 78 78 78
   32 32 32 32
   40 40 40 40

:  [4]

    
  

  150 oC  15 - 20  
 

  2.1  
    1)  L* a* b*  (Hunter Lab, Color Flex EZ, USA) 

  1   D65 
 10   L*   a*   b* 

  3  
    2)   (Brook  eld Texture Analyzer, CT3, USA) 

 Load Cell  10   2  
(TA39)  2  [4]  10   

 ( ) 
    3)  (aw)  (Aqua Lab, 4TE, USA) 

 3 



80 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

    4)  AOAC Method 945.32  5 
 (TWB Binder, IP 20, Germany)  105 oC

 3 
    5)   (Gerhardt, FT12, Germany)  AOAC 2005 

 (Gerhardt, FT12, Germany)
     (CRD) 

 IBM SPSS Version 23  Duncan’s 
Multiple Range Test (DMRT)  95
  2.2     

     9 Point Hedonic Scale
(9 =  1 =  )   
5   30   
(Randomized Complete Block Design; RCBD)   
IBM SPSS Version 23  Duncan’s Multiple Range Test
(DMRT)  95

1. 
   50  70 oC 

 (L* )  (p 0.05)  3 
 2 - 3  50 oC  

 (PPO) 
 [5]   

 (Chlorophyll) 
  

(Pheophytin)   
4.42 [6]   

    
 (Maillard Reaction)  

  Autocatalytic 
 2 - 3   10 oC  

5 - 10   [7] 
 70 oC  (a*)  (b*)  

50 oC  50 oC  
 (p>0.05)  (aw)  (p 0.05) 

 70 oC  

  
 [8]  [9] 

  3      



81ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

 
 (Free Water)  (Bound Water)  (aw) 

  [5] 
 70 oC  

 4  15 
 0.6

     
 (p 0.05)  70 oC 

 18.45  [10]    
 70 oC   (Dietary Fiber)  
  [7] 

 [5]  (Anchote) 
 

  (Crude Fiber) 
 

 (aw)  (p 0.05) 
 

 14 (   . 375-2524) 
 0.6  

 2   
 50 oC 

  

 ( )  50 oC  ( )  70 oC  ( )  50 oC  ( )  70 oC 
 2 

 3 

   
      
  50 oC* 70 oC 50 oC 70 oC
     
 L* 69.17±0.16a 67.15±0.08b 63.90±0.49c 58.90±0.22d

 a* 5.69±0.06c 7.27±0.12c 7.61±0.08b 9.39±0.07a

 b* 26.11±0.25c 26.45±0.32c 27.84±0.28b 28.40±0.09a

 ns ( ) 13.39±0.11  13.34±0.03 13.95±0.04 13.43±0.6



82 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

 3  ( )

   
      
  50 oC* 70 oC 50 oC 70 oC

  0.33±0.00b 0.28±0.01d 0.37±0.00a 0.32±0.00c

  ( ) 17.25±0.19b 18.45±0.33a 16.57±0.14c 14.69±0.40d

 a, b, c….     (p 0.05) 
 ns      (p>0.05) 
 *     
 L*       0 - 100 (  - ) 
 a*   +   , -   
 b*   +   , -  

2. 
  1)   0 10 20  
30   

 (p  0.05)  4  (L*) 
 (  0)  

 [11]  0 3 5 7  9 
 (L*)   [12] 

 2 4 6  8 
  a*   b* 

  
 (p  0.05)  3  

(Mallard Reaction)  (Carbonyl) 
 (N-Substituted Glycosylamine) 

 [7]

 ( ) 0 % ( ) 10 % ( ) 20 % ( ) 30 %
 3  

  2)   (Hardness) 
 (p  0.05) 

 (  0)  4 
  [7] 



83ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256701

 
 [13] 

 1 2 3 4  5  
 [11]  0 3 5 7  9 

 (p  0.05)

 4 

     ( ) 
    ( )
   0 10 20 30
 

L*  64.50±0.70a 61.19±0.59b 61.70±0.08b 58.89±0.97c

a*  1.77±0.35c 4.84±0.37b 5.72±0.12b 6.77±0.77a

b*  32.57±0.73d 35.79±0.18c 37.46±0.64b 39.13±0.79a

  ( ) 835.50±45.04a 785.00±30.87a 619.33±73.16b 595.17±46.67b

 a, b, c….     (p 0.05) 
 L*      0 - 100 (  - ) 
 a*   +   , -   
 b*   +   , -  

  3)   (aw) 
  
 

 (p  0.05)  5   
  [14] 

  5 10  15 
  [15] 

 0 3 6  9 
 (p  0.05) 

  4)  
  

 (p  0.05)  5 
 [7]  17.25 

 11  
  [3] 

 0 5 10 15  20 
 (p  0.05)  [16] 

 0 10 15  20 
 (p  0.05)
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 5 

     ( )
   0 10 20 30
  ( ) 1.62±0.04c 1.55±0.01c 2.35±0.01b 2.45±0.03a

   0.37±0.01c 0.43±0.01b 0.43±0.00a 0.43±0.01a

  ( ) 1.50±0.34c 1.81±0.03c 3.02±0.77b 4.80±0.77a

 a, b,….      (p  0.05) 

3. 
  

 0 10 20  30  9 Point Hedonic Scale
 30       
  6 

 (p>0.05) 
 7.23 - 7.30   

 10  7.30 
( )
    0 10 
20  30  (p  0.05) 

  10  20  
7.80  7.77 ( ) 

 
 30 

     
 (p  0.05) 

  S-methyl-L-cysteine Sulfoxide 
 Cysteine Lyases  Dimethyl Trisul  de

 
 

 
 30  (6.17 )

   

 (p  0.05)  6  4 
 0 10  20  (p>0.05) 

 7.37 - 7.67 ( )
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 6 

     ( )
   0 10 20 30
 ns 7.23±0.73 7.30±0.75 7.27±0.64 7.27±0.74
   7.37±0.61b 7.80±0.71a 7.77±0.68a 6.87±0.73c

   8.37±0.61a 7.50±0.68b 6.40±0.62c 5.37±0.67d

   7.60±0.72a 7.57±0.73a 7.00±0.83b 6.17±0.70c

   7.60±0.89a 7.80±0.76a 7.17±0.65c 5.60±0.77d

  7.60±0.77a 7.67±0.66a 7.37±0.96a 6.13±0.68b

 a, b,….    (p 0.05) 
 ns     (p>0.05) 

 4 

   50  70 oC 
 50 oC  (L*)   (a*) 

 (b*)  (p  0.05)  
70 oC    

  (L*) 
  (a*)  (b*)   

( )  (p 0.05) 
  (aw)  (p 0.05) 

 
   

   (p 0.05) 
 (p>0.05)  20 
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Abstract

The intensity of light in the classroom a  ects learning. There are few studies of lighting in 
classrooms in urban university buildings with tall buildings, including physical factors that 
may a  ect lighting. The objective of this exploratory study was to investigate the re  ectance 
coe   cient and the physical characteristics that a  ect light intensity in three lecture-style 
classrooms: small, medium, and large, comprising a total of 42 classrooms at a university. 
The tools used are a lux meter and an observation form. The statistics used in the analysis 
include number, percentage, mean, standard deviation, One-way ANOVA, and Pearson's correlation.
The results of the study found that the most small and large classrooms met the standards. 
On the other hand, in medium-sized classrooms, 62.0 % did not pass the standards. The large 
classrooms have the highest average light intensity, equal to 652.09 (S.D. = 31.61). When comparing 
the average lighting intensity of the three classroom sizes, it was found that there were 
statistically signi  cant di  erences (p<0.05). For  oor and wall re  ection coe   cients, it was 
found that white  oors had the highest coe   cient and di  erent colors had signi  cantly di  erent 
light re  ection coe   cients (p<0.05). In small classrooms, the surface light re  ection coe   cient 
is positive related to the light intensity (p<0.05). In medium-sized classrooms, it was found 
that the light intensity from arti  cial light was signi  cantly positiverelated to the light intensity 
(p<0.05). The intensity of light is in  uenced by the re  ection coe   cient. This is caused by the 
 oor and wall colors, in addition to the illumination from light bulbs and outside light. 

Classrooms should measure light intensity to a standard value of 400 - 500 lux for reading 
and writing tasks. The classrooms should have white walls, and if the light measurement is 
insu   cient, should increase the light bulb or the wattage of the light, which is arti  cial light.

Keywords: Re  ective Coe   cient; Lighting Intensity; University Classroom
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 [4], [6]
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 1.   
        

 1  1  
 2.   2   

 
 2 x 2  [11] 

   
 

  6  

   
 [12]  400 - 500    

 (Illuminating Engineering Society of North America, 
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    [15] 

 = 
                  

  

     Kolmogonor-sminov Test
  

 2     
     

  
 One-Way ANOVA 

   2   Independent Sample T-Test 
 3   One-Way ANOVA 

 Pearson’s Correlation  0.05
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  3       42  
 

 62.0  652.09 
(S.D. = 31.61)   561.67 (S.D. = 115.16)  
413.87 (S.D. = 173.35)   3  

 (p<0.05) (  1)  
 (p<0.05) 

 (p<0.05)
   

 (Research Area)  
 

  
  

 1  

      
Mean S.D. F-test p-value     IESNA CIE    

  (n = 13)   ( )    
    11 (84.6) 10 (77.0) 10 (77.0) 561.67 115.16 9.898 <0.001*
    2 (15.4) 3 (23.0) 3 (23.0)    
  (n = 21)       
    8 (38.0) 8 (38.0) 8 (38.0) 373.87 173.35  
    13 (62.0) 13 (62.0) 13 (62.0)    
  (n = 8)       
    6 (75.0) 8 (100.0) 8 (100.0) 652.09 31.61  
    2 (25.0) 0 (0.0) 0 (0.0)    

:  ( ),  = 400 - 500 , IESNA = 500  CIE = 300 - 500 - 750 
  *  p<0.05

  
   

 0.768 (S.D. = 0.068)  0.774 (S.D. = 0.035)   
  (p<0.05) 

   (  2)
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 2  

    
F-test p-value

   Mean  S.D.  
 1    
  (n = 18) 0.768  0.068 11.917 <0.001*
  (n = 12) 0.604  0.142  
  (n = 5) 0.396  0.199  
  (n = 2) 0.715  0.007  
  (n = 5)  0.682  0.042  
 1    
  (n = 30) 0.774  0.035 14.311 <0.001*
  (n = 4)  0.625  0.097  
  (n = 4) 0.705  0.065  
  (n = 4)  0.755  0.019  
 2     T-Test p-value
  (n = 31) 0.742  0.037 0.186 0.663
  (n = 11) 0.711  0.024

: 1  One-Way ANOVA, 2  Independent T-Test, *  p<0.05

   
  

 (p<0.05) (  3)

 3 

    
     
   r p-value r p-value r p-value

  0.575 0.025* 0.198 0.390 0.298 0.473
  0.075 0.791 0.109 0.637 0.297 0.474
  0.122 0.665 -0.059 0.799 -0.364 0.375
  0.207 0.459 0.383 0.086 0.696 0.055
  0.059 0.834 0.467 0.033* 0.122 0.774

:  Pearson’s Correlation, *  p<0.05

 
[4] - [5]  
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 [12]   
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  4  
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Abstract

In this paper, we apply the notion of (p,q)-calculus or post quantum calculus to establish 
theoretical results of (p,q)-analogues of Laplace-type integral transform of the  rst and 
second kind, which is a symmetric relation between (p,q)-analogues of the Laplace-type integral 
and Laplace transforms. Additionally, we discuss (p,q)-analogues of Laplace-type integral 
transform on various classes of some (p,q)-special functions, (p,q)-exponential function, 
(p,q)-trigono-metric types, (p,q)-di  erential operator, and (p,q)-convolution theorem. Finally, 
we establish results related to (p,q)-Aleph function.

Keywords: (p,q)-Integral Transform; (p,q)-Calculus; (p,q)-Convolution Theorem; (p,q)-Aleph Function
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Introduction 
 
       Quantum calculus, also called q-calculus known as calculus without limits, has been 
used in the applications of diverse areas such as mathematics, applied mathematics, and physics. 
Euler was the first mathematician to study quantum calculus in the early eighteenth, which 
Gauss and Ramanujan later developed. In 1910, Jackson [1], [2] introduced the q-derivative, or 
Jackson derivative, and the q-integral, or Jackson integral. Many researchers have come up 
with the generalization and development of the q -calculus as found in [3] -  [12] and their 
respective references. Also, the fundamental explanation of the q-calculus aspects can be found 
in the book by Kac and Cheung [13]. 
       Around a decade ago, the topic of the q-integral transform piqued many researchers’ 
interest, leading to various investigation forms. Many researchers study the properties of q-
integral transform such as q-Laplace transform of two variables [14], q-analogues of Sumudu 
transform [15], q -analogues of the Laplace transform [16], q -analogues of the natural 
transform [17], q-analogues of the Laplace-type integral transform [18], and q-theory of the q-
Mellin transform [19], see [20] - [22] for more details. 

The post quantum calculus, indicated as p, q  -calculus, is a generalized form of q -
calculus that was first considered in 1991 by Chakrabarti and Jagannathan [23]. It is pertinent 
that the direct substitution of q by q/p in q-calculus cannot provide valid quantum calculus; 
however, if p 1 in p, q -calculus, it will reduce to q-calculus. In 2013, Sadjang [24] studied 
the concept of the p, q -derivative, the p, q -integration, the fundamental theorem of p, q -
calculus, and the p, q -Taylor formulas. The studies and developments of the p, q -calculus 
have been conducted many times as found in [25] - [28] and their references. A slew of extensive 
research about p, q -integral transforms can also be seen lately. many researchers study the 
properties of p, q  -integral transform and apply some p, q  -differential equations such as p, q -analogues of the Laplace transform [29], p, q -analogues of the Sumudu transform [30], 
and p, q -analogues of Laplace-type integral transforms [31]. 
       Many integral transforms are created to solve diverse differential equations. One of the 
most well-known integral transforms is the Laplace transform, which is wildly and extensively 
used in several branches of applied mathematics and engineering [32]. In 1991, Yurekli and 
Sasek [33] established a new integral transform, called the Laplace-type integral transform, 
which is defined by  

 
 L ; exp d ,    Re 0. 
 

It is a close relation to the Laplace transform given as  
 

 L ; L ; . 
 

In the past century, the generalized H-functions have been established. In 1998, Sudland et al. 
[34] introduced a generalization of Saxena’s I-function [35], which is considered to be another 
form of the generalization of Fox’s H-function. This function is also named as Aleph function. 
In 2019, Bhat et al. [36] introduced q-Sumudu and q-Laplace transforms of the q-analogue of 
Aleph function. In 2020, Tassaddiq extended Bhat’s and others’ study to p, q -Sumudu and p, q -Laplace transforms based on p, q -Aleph function [37]. 
       We are greatly inspired by a series of the above-mentioned literature, and therefore, 
propose to extend the q-analogues of the Laplace type integral transform to this new p, q -
analogues of the Laplace type integral transform of the first and second kind while giving some 



98 ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)

RMUTI Journal  Vol. 17, No. 2 (May - August 2024)
e256530

properties such as p, q  -special functions, p, q  -exponential function, p, q  -trigonometric 
types, p, q  -differential operator, and p, q  -Aleph function, which could be practically be 
utilized to solve some p, q -differential equations. 
       The outline of this paper is as follows: Section 2 consists of some basic knowledge of q 
and p, q -calculus that is used in the following sections; Section 3 is comprised of some p, q -
special functions of the p, q  -analogues of Laplace-typed integral transform; Section 4 
demonstrates the p, q -differential operator; Section 5 shows the p, q -convolution theorem; 
in Section 6, we write p, q -analogues of Laplace-typed integral transform for p, q -Aleph 
function; and the last section includes the conclusion. 

 
The  and , -calculus 
 
       In this section, some mathematical symbols used in the p, q -calculus are denoted to be 
of help in further study and can be found in [23] - [25], [29]. In the entirety of this work, let 0 q p 1 be constants. If p 1, then we can reduce p, q  of any forms to q-classical, see 
[13]. 
       The p, q -number for n  is defined by  
 

                  n , p p q q ,   if   p, q 1;n ,      if p 1;n, if p 1 and take lim .  (1) 

 
Also, we write the p, q -factorial for n  is defined as 
 

 n , ! j , 1 , 2 , n , ,  if   n 1;1,  if   n 0. (2) 

 
If p 1 in (1) and (2), then we called this the q-number and q-factorial, respectively, see [13]. 
       The p, q -derivatives of a function : 0,  is defined by  

 

                        
D , ,    0,D , 0 limD , .   (3) 

 
If p 1 in (3), then we called this the q-derivative of the function , see [13]. 
       The p, q -derivatives of higher order are given by  

 
 D ,     and    D , D , D , ,    k . 

 
Example 2.1 Define the function : 0,  by 2 r, where r is a 
constant, then 
  

 D , 2 r  

                         
                        p pq q p q 2 
                        3 , 2 , 2. 
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       The p, q -derivatives of the product and quotient rules of two functions are as follows:  
 
 D , g p D , g g q D , , (4) 

 and  
 D , , , ,    g 0. (5) 
 

If p 1 in (4) and (5), then we called these the q-derivative of the product and quotient rules 
of two functions, respectively, see [13]. 
       The p, q -integral from 0 to a and from 0 to  of  are defined as  

 
 d , p q a a  (6) 

 and  
 d , p q , (7) 
 

respectively. If p 1 in (6) and (7), then we called these the q-integral from 0 to a and from 0 to , respectively, see [13]. 
       The p, q -integral in an interval a, b  of D ,  is given by 

  
 D , d , b a . 

 
       The p, q -integration by parts representation as  

 
 g q D , d , b g b a g a p D , g d , , (8) 
 

also note that b  is allowed. If p 1 in (8), then we called this the q-integration by parts, 
see [13]. 
       The two types of p, q -exponential functions are defined in [29] as follows:  

 

                           e , , ! , (9) 

                    E , , ! . (10) 
 

If p 1 in (9) and (10), then we called these the q-exponential function, see [13]. 
       In addition, the derivative of the p, q -exponential functions are given as  

 D , e , n ne , np , D , E , n nE , nq . 
 
       The p, q -trigonometric functions cosine and sine are as follows:  

 

       cos , , , , ! , (11) 

       Cos , , , , ! , (12) 

       sin , , , , ! , (13) 
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       Sin , , , , ! . (14) 
 

If p 1 in (11)-(14), then we called this the q-analogues of the trigonometric functions cosine 
and sine, see [13]. 
       The function of the hyperbolic p, q -cosine and the hyperbolic p, q -sine of  are as 
follows:  

 cosh , , ,     and    sinh , , , . (15) 
 

If p 1 in (15), then we called this the hyperbolic p, q -cosine and the hyperbolic p, q -sine 
functions, see [16]. 
       The first kind of the p, q -gamma function is defined in [29] as follows:  

 
 , n p E , q d , . (16) 
 

It satisfies the following properties:  
 

 , n 1 n , , n     and    , n 1 n , !. (17) 
 

If p 1 in (16) and (17), then we called these the q-gamma function of the first kind and 
properties of q-gamma function, respectively, see [13]. 
       The second kind of the p, q -gamma function is defined in [29] as follows:  

 
 , n q e , p d , . 

 
The above equation satisfies the following properties:  
 

 , n 1 n , , n     and    , n 1 n , !. (18) 
 
       The p, q -integral on 0,  for \ 0  is given by  

 
 d , d , . (19) 

 
       The p, q -beta function is defined as  

 
 B , s, t 1 q , d , . (20) 

 
       The relation between the p, q -gamma function and the p, q -beta function is  

 
 B , s, t p , ,, . (21) 
 

If p 1 in (20) and (21), then we called these the q-beta function and the relation between the q-gamma function and the q-beta function , see [13]. 
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       The p, q -Aleph function is defined by Jain el al. [27] as follows: 
 

 

, ; ;, z; p, q | a , A , ; a , A ,b , B , ; b , B ,, , ,, , , , , (22) 

where z 0, 1, and L is contour of integration running from i  to i  in such a 
manner so that all poles of , b B s ; 1 j m are to right of the path and those of , 1a A s ; 1 j n, are to left. The integral converges if Re slog z log sin s 0, for 
large values of |s| on the contour L. If p 1 in (22), then we called this the q-Aleph function, 
see [11]. 

 
The , -analogues of Laplace-type integral transform to some , -special functions 
 
       In this section, we evaluate  , L  (first kind) and  ,  (second kind) of some special 
functions, which are defined in Definition 3.1.  
 
Definition 3.1 The p, q -analogues of Laplace-type integral transform of function , Re 0 is defined by  
 

  , L ; E , q d , , (23) 
 and  

  , ; e , p d , . (24) 
  
If p 1 in (23) and (24), then (23) and (24) reduce to the q-analogues of Laplace-type integral 
transform of function , which appeared in [17]. 
 
 
 
Theorem 3.1 (Linearity): Let  and g  be two functions, then the following formula 
holds:   
 
(i) , L g ; , L ; , L g ; ;  
(ii)  , g ; , ; , g ; ;  
 
where  and  are constants. 
Proof. Theorem 3.1 follows immediately from Definition 3.1.   
 
Theorem 3.2 (Scaling): Let f  be a function, then the following formula holds: 
(i) , L ; , L ; ;  

(ii) , ; , ; ;  

 
where  are constants.  
Proof. The proof of part i  and ii  using (19), (23), and (24), and we get  
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 , L ; E , q d ,  

              E , q d ,  

                          , L ; . 
  , ;  can be proven similarly.    
 

Theorem 3.3 For f , n , the following properties hold:   
 
(i) , L ; , !

, ;   

(ii) , ; , !
, .  

 
Proof. The proof of part i  requires the use of (16) and (23). We get  
 

  , L ; E , q d , . 
 

By the change of variables z, we obtain d , ,,  and get that 
 

             , L ; , z E , qz d , z 

                         , !
, . 

 
The proof of part ii  of this theorem follows a similar process from the proof of part i . 
Therefore, the proof is completed.   
 
Theorem 3.4 For n , then the following properties hold:   
(i) , L e , n ; ,   n p ;  

(ii) , e , n ; , ;  

(iii) , L E , n ; , ;  

(iv) , E , n ; ,   n q .  
Proof. The proof of part i  utilizes (9), (23), and Theorem 3.3 i , and we have  
 

  , L e , n ; e , n E , q d ,  

                    , ! E , q d ,  

                    , ! E , q d , . 
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By the change of variables z, the equation above can be written as follows:  
 

  , L e , n ; , ! ,,  

                    ,  

                    ,  

                    ,   n p . 
 
The proof of part ii  share a similar process from the proof of part i , which can be written 
as follows:  

  , e , n ; , ! e , p d , . 
 
The proof of part iii   and iv   procceds in the similar manners from the proof of part i  . 
Hence, the proof is completed.     

 
Theorem 3.5 For n , then the following properties hold:  
  
(i) , L cos , n ; ,   n p ;  

(ii) , cos , n ; , ;  

(iii) , L Cos , n ; , ;  

(iv) , Cos , n ; ,   n q .  

 
Proof. The proof of part i  can be done using (11), (16), and (23), and we obtain the following: 
  

  , L cos , n ; cos , n E , q d ,  

                      , ! E , q d , . 
 

By applying the change of variables z, the equation above can be put into the form  
 

  , L cos , n ; , ! , z E , qz d , z 

                      ,, ! ,  

                      ,  

                      ,   n p . 
 

The proof of part ii  uses a similarly process from part i . We write  
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  , cos , n ; , ! e , q d , . 
 

The proof of part iii  and iv  follows the same procedure from the proof of part i . Hence, 
the proof is completed.     
 
Theorem 3.6 For n , then the following properties hold: 
   
(i) , L sin , n ; ,   n p ;  

(ii) , sin , n ; , ;  

(iii) , L Sin , n ; , ;  

(iv) , Sin , n ; ,   n q .  
 
Proof. The proof of this theorem follows the definitions and proceeds according to Theorem 
3.5. The details are, therefore, omitted.     
 
Theorem 3.7 For n , then the following properties hold:  
  
(i) , L cosh , n ; ,   n p ;  

(ii) , L sinh , n ; ,   n p .  
 
Proof. The proof of Theorem 3.7 directly follows from (15), Theorem 3.5 and 3.6; therefore, 
details are omitted.    
 
Theorem 3.8 (Transforms of the Heaviside function): For b 0, let  
 

 H b 1, for b;0, for 0 b. (25) 
 

Then, we have   
 
(i) , L H b ; , , ;  

(ii) , H b ; , , .  
 
Proof. The proof of part i  using (23) and (25). We obtain 
  

        , L H b ; H b E , q d ,  
                          E , q d , . 
 

By the change of variables z , we get d , , d , z, and we obtain  
 

        , L H b ; , E , qz d , z 
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                          , D , E , z d , z 

                          , , . 
 

The proof of part ii  follows the same procedure from the proof of part i . Hence, the proof 
is completed.  

 
Theorem 3.9 (Transforms of the Dirac delta function): For b 0, let  
 

 f b , for b b k;0, otherwise.  (26) 

 
If b  denotes the limit of f  as k 0, then we have 
   
(i) , L b ; , , ,  

(ii) , b ; , , ,  
 
where delta is the Dirac delta function.  
Proof. The proof of part i  using (23) and (26). We get  
 

        , L f b ; f b E , q d ,  
                          E , q d , . 
 

By the change of variables z , we get d , , d , z, and we obtain  
 

        , L f b ; , E , qz d , z 

                          , D , E , z d , z 

                           , E , b k E , b . 
 

If we take the limit of f  as k 0, then  
 

   , L b ; lim , L f b ; , , . 
 

The proof of part ii  follows the same procedure from the proof of part i . Hence, the proof 
is completed.    

 
The , -analogues of Laplace-type integral transform to the 
first order , -differential operator 
 
       We offer this section to computations related to the  , L   and  ,  , and some 
differential operators. First and foremost, we derive the following theorem:  
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Theorem 4.1 Let Re 0. Then, we have  
 

 D , E , , ! p q . (27) 
 

Proof. Taking p, q -derivative on E ,  with respect to  and shifting the lower bound 
of the summation, we get  

               D , E , D , , !  

                                , ! 2k ,  

                                , ! p q k ,  

                                , ! p q . 
Hence, the proof of this theorem is completed.    

 
 
 
Theorem 4.2 Let Re 0. Then, we have  
 

 D , e , , ! p q . (28) 
 

Proof. The proof of Theorem 4.2 is similar to the one of Theorem 4.1, which can be expressed 
by  
 

                D , e , D , , !  

                                , ! p q . 
Therefore, the proof is completed.     

 
Theorem 4.3 Let , D ,  and Re 0. Then, we have  
 

  , L , ; 0 , L ; , L ; . (29) 

 
Proof. According to the p, q -integration by parts (8) and Theorem 4.1, we can write  
  , L , ; D , E , q d ,  

      lim E , p D , E , d ,  
      0 p D , E , d ,  

      0 p , ! p q d ,  
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      0 p , ! p d ,  

          p , ! q d , . 
 

By the change of variables p z, we get d , d , z, and we obtain  
 

  , L , ; f 0 p z z , ! p z d , z 

                        qp z z , ! q z p d , z. 
 

Next, multiplying q q , we have  
 

  , L , ; 0 p z z , ! q q p z d , z 

                     qp z z , ! q q q z p d , z 

                 0 p z z , ! q p z d , z 

                     qp z z , ! q z p d , z 

                 0 p z z E , d , z 

                     qp z z E , d , z 

                 0 , L ; , L ; . 
 

This completes the proof of the theorem.     
 

Theorem 4.4 Let , D ,  and Re 0. Then, we have 
  

  , D , ; 0 , ; , ; . (30) 

 
Proof. Using (8) and Theorem 4.2, we have  
  , , ; D , e , p d ,  

     lim e , q D , e , d ,  

     0 q , ! p q d ,  

     0 q , ! p d ,  

        q , ! q d , . 
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Therefore, by the change of variables q z, we get d , d , z, and the equation above 
can be rearranged to the following form: 
   , , ; 0 q z z 1 pk , ! p z q d , z 

               q z z , ! q z q d , z. 
 

Next, multiplying the previous equation by p p , we get  
  , , ; 0 q z z 1 pk , ! p p p z q d , z 

            q z z , ! p p q z q d , z 

         0 q p z z , ! p z q d , z 

           z z , ! p z q d , z 

         0 q p z z e , d , z 

           z z e , d , z 

         0 , ; , ; . 
 

Hence, the proof is completed.     
 

The , -analogues of Laplace-type integral transform to the , -convolution theorem  
 
       In this section, we put an emphasis on giving a p, q -convolution theorem for the  , L  
(  ,   is similar). Let us assume   and g , , 0 , then the  p, q  -
convolution product is defined for  and g as  
 

 g , g q d , . (31) 
 

If p 1 in (31), then (31) reduces to the q-convolution theorem, which appeared in [16].  
 
Theorem 5.1 If 2  and g , , 0, then  
 

  , L g , ; / , , ,, , . 
 

Proof. Using (20) and (31), we get  
 

          g , q d ,  
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                       r qrt , d , r 
                       2 r 1 qr , d , r 
                       B , 2 1,2 . 
 

Taking  , L  in the equation above and using (21), we can write  
 

  , L g , ; B , 2 1,2 E , q d ,  
                       p , ,,  , L ;  

                       p , ,, 2 , !
,  

                       
/ , , ,, , . 

 
This completes the prood of the theorem.    

 
The , -analogues of Laplace-type integral transform to the , -Aleph function 
 

 In this section, we derive  , L  and  ,  of the p, q -Aleph function with the help 
of Mellin–Barnes-type integral and p, q -gamma function [38]. Now, we use notation  

 

 , ; ;, z; p, q | a , A , ; a , A ,b , B , ; b , B , : , , ;, A ; B ; s z d , s 

 
where  
 , , ;, A ; B ; s  , b B s , 1 a A s

, 1 b B s , a A s , s , 1 s sin s . 
 
       Furthermore, taking 1 in (22), we get the p, q -analogue of I-function defined by 
Ahmad et al. [28] as follows: 

 

 I , ;, z; p, q | a , A , ; a , A ,b , B , ; b , B , , , ;, A ; B ; s z d , s. (32) 

 
       Taking r 1 in (32), we will get the p, q -analogue of Fox’s H-function defined by 
Ahmad et al. [28] as follows: 

 

 H , , z; p, q | a , A ,b , B , , , ;, A ; B ; s z d , s. (33) 

 
       Taking A B 1  in (33), we will get the p, q  -analogue of Meijer’s G -function 
defined by Pathak et al. [39] as follows:  
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 G ,, z; p, q | a , a , … , ab , b , … , b , , ;, 1; 1; s z d , s. 
 

If p 1, then the above results of p, q -analogue change to well-known results of I-function, H-function, and G-function [11].  
 
Theorem 6.1 Let z,  and Re s 0. Further, let A , B , A , B , a , b , a , b  i1,2, … , p ; j 1,2, … , q , 0  for i 1,2, … , r . The conditions as given in above for p, q  -
Aleph function also holds. Then, the  , L  of the -function exists and the following relation 
holds, 
  , L , , ;, z; p, q | a , A , a , A ,b , B , b , B ,  

                      =

, , , , ;,
z; p, q | a , A , a , A ,, 0 b , B , b , B , ,if , is compared with , ;

, , , , ;,
z; p, q | a , A , a , A ,, 0 b , B , b , B , ,if , 1 is compared with , .

 (34) 

 
Proof. In the proof of (34), we first express the p, q -analogue of -function occurring on the 
left hand side of the (34) in terms of Mellin–Barnes contour integral and apply  , L , then we 
obtain (say ). 
 

       , , ;, z; p, q | a , A , a , A ,b , B , b , B , E , q d ,  

 , , ;, A ; B ; s z E , q d , d , s 

 , , ;, A ; B ; s z E , q d , d , s. 
 

By changing variable with  and using (17), we arrive at 
 11 , 2 , p  12 , b B s , 1 a A s z ,, 1 b B s , a A s , s , 1 s sin s d , s.  

 
Case 1: we consider , b B s  and compare it with , . Then, we get 
 11 , 2 , p , , ;, z; p, q | a , A , a , A ,, 0 b , B , b , B , . 
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Case 2: we consider , 1 a a s  and compare it with , . Then, we get 
 11 , 2 , p , , ;, z; p, q | 1 , 0 a , A , a , A ,b , B , b , B , . 

 
By interpreting the Mellin–Barnes counter integral obtained in terms of the p, q -analogue of 

-function, we acquire the result (34). Therefore, the proof is completed.    
 

Theorem 6.2  Let z,  and Re s 0. Further, let A , B , A , B , a , b , a , b  i1,2, … , p ; j 1,2, … , q , 0  for i 1,2, … , r . The conditions as given in above for p, q  -
Aleph function also holds. Then, the  ,  of the -function exists and the following relation 
holds, 
   , , , ;, z; p, q | a , A , a , A ,b , B , b , B ,  

                =

, , , , ;,
z; p, q | a , A , a , A ,, 0 b , B , b , B , ,if , b B s is compared with , ;

, , , , ;,
z; p, q | a , A , a , A ,, 0 b , B , b , B , ,if , 1 a a s is compared with , .

 (35) 

 
Proof. In the proof of (35), we first express the p, q -analogue of -function occurring on the 
left hand side of the (35) in terms of Mellin–Barnes contour integral and apply  , L , then we 
obtain (say ). 
 

  , , ;, z; p, q | a , A , a , A ,b , B , b , B , e , p d ,  

 , , ;, A ; B ; s z e , p d , d , s 

 , , ;, A ; B ; s z e , p d , d , s. 
 

By changing variable with  and using (18), we arrive at 
 11 , 2 , q      12 , b B s , 1 a A s z ,, 1 b B s , a A s , s , 1 s sin s d , s. 

 
Case 1: we consider , b B s  and compare it with , . Then, we get 
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 11 , 2 , q , , ;, z; p, q | a , A , a , A ,, 0 b , B , b , B , . 
 

Case 2: we consider , 1 a a s  and compare it with , . Then, we get 
 11 , 2 , q , , ;, z; p, q | 1 , 0 a , A , a , A ,b , B , b , B , . 

 
By interpreting the Mellin–Barnes counter integral obtained in terms of the p, q -analogue of 

-function, we acquire the result (35). Therefore, the proof is completed.   
 
Corollary 6.1 Let Re 0. Then, we have   
(i) if we choose 1 in (34), then we called this the p, q -analogue of Laplace-type 
integral transform of I-function as follows: 
  , L I , ;, z; p, q | a , A , a , A ,b , B , b , B ,  11 , 2 , p I , ;,

z; p, q | a , A , a , A ,, 0 b , B , b , B , ,   if   , b B s  is comparedwith , ;11 , 2 , p I , ;,
z; p, q | 1 , 0 a , A , a , A ,b , B , b , B , ,   if   , 1 a a s  is comparedwith , .

 

 
(ii) If we choose 1, r 1, p P, and q Q in (34), then we called this the p, q -
analogue of Laplace-type integral transform of H-function as follows: 
  , L H , , z; p, q | a , A ,b , B ,  11 , 2 , p H , , z; p, q | a , A ,, 0 b , B , ,

   if   , b B s  is comparedwith , ;11 , 2 , p H ,, z; p, q | 1 , 0 a , A ,b , B , ,
   if   , 1 a a s  is comparedwith , .

 

 
(iii) If we choose 1, r 1, p P, q Q, and A B 1 in (34), then we called this the p, q -analogue of Laplace-type integral transform of G-function as follows: 
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