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silver are obtained in small amounts in lab scale experi-
ments. 
 • The XRD and FESEM–EDAX studies of the metallic 
product in the present investigation confirm the presence 
of gold and silver after aqua leaching of e-waste sample. 
 • TEM–EDX study analysis shows that leached resi-
due also confirms the presence of gold (Au) and silver 
(Ag). 
 • The expenditure for the present study was calculated 
for 1 kg of e-waste sample. It shows that the total value 
of gain product gives a gain amount Rs 381 (in Indian 
currency Rupees) with an expenditure of Rs 105 for per-
forming such small experiments. However, the expendi-
ture as well as consumption of such an experiment will 
certainly come down in a continuous large scale opera-
tion, which makes the process more economical. More-
over, air instead of H2O2 as an oxidizing agent; will also 
cut down the cost further. 
 • The entire investigation shows that microwave heat 
treatment is not only a clean process but also an eco-
friendly process for obtaining valuable precious metals 
like gold and silver metals from e-waste.  
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Earlier studies have confirmed that diarylpentene-
dione derivaties 1a and 1c have the highest and the 
lowest anti-inflammatory activity respectively. In this 
work, the interactions of diarylpentenedione deriva-
tives 1a–1c with Si-nanotube (7,7) were studied and 
quantum molecular descriptors of the diarylpentene-
dione derivatives were calculated. Results showed that 
1a–1c can interact with Si-nanotube (7,7) significantly 
and so their adsorptions were possible from an  
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energetic viewpoint. Results also indicated that ad-
sorption thermodynamic values of 1a on Si-nanotube 
(7,7) were higher than those of 1b and 1c. Therefore 
1a has the highest chemical potential and electrophi-
licity index values. Thus the obtained theoretical and 
published experimental trends of anti-inflammatory 
activity of 1a–1c were similar. 
 
Keywords: Adsorption energy, anti-inflammatory and 
chemical potential, diarylpentenedione derivatives, sili-
con nanotube. 
 
INFLAMMATION is a defensive answer that it includes the 
defended cells, blood vessels and molecular arbitrator. 
The aim of inflammation is start to correction of tissue. 
Anti-inflammatory mentions to treatment of inflammation 
in body1–3. Diarylpentanoid derivatives are potential anti-
inflammatory drugs to remove the monocyte chemoat-
tractant4–6. 
 Nanoparticles such as silicon nanotubes have large band 
gaps and high performance to therapeutic drug delivery7–11. 
In the present work, the interactions of diarylpentened-
ione derivatives 1a–1c (Figure 1) with Si-nanotube (7,7) 
were studied (Figure 2) to propose new anti-inflammatory 
drugs. 
 The chemical potential (μ = (ELUMO + EHOMO)/2), 
chemical hardness (η = (ELUMO – EHOMO)/2) and electro-
philicity index (ω = μ2/2η) as quantum molecular de-
scriptors can establish the chemical potential of various 
drugs. The μ expresses the constancy of drug in contra-
diction of electronic configuration variations. η characte-
rizes the energy gap of a drug, and therefore drugs with 
lower η values are more reactive. ω measures the ability 
of a drug to accept electrons. The interactions between 
drugs and nanostructures can be examined using the  
following relation: ∆N = (μD – μN)/(2ηD + 2ηN), where μD 
and μN are the chemical potential of the drugs, while ηD 
and ηN are the chemical hardness of the drugs and nano-
structures respectively12–14. 
 In this study, the μ, η, ω and ΔN values of diarylpente-
nedione derivatives have been calculated in order to  
establish the capability of Si-nanotube (7,7) to transmission 
of diarylpentenedione derivatives 1a–1c. The aim of this 
work is to: (1) to compare the ΔEad and ΔGad values of 
1a–1c on the Si-nanotube (7,7) surface; (2) to study the 
quantum molecular descriptors of 1a–1c and (3) to also 
study the anti-inflammatory activity of 1a–1c. 
 In this study, the geometries of Si-nanotube (7,7),  
diarylpentenedione derivatives 1a–1c and their complexes 
with Si-nanotube (7,7) via 6-31G(d) basis set and density 
functional theory method in GAMESS package were  
optimized15–18. The interaction values of 1a–1c and  
Si-nanotube (7,7) were calculated as 
 
 ΔEad = E (Si-nanotube (7,7)/drug) – E (drug) 

    – E (Si-nanotube (7,7)) + EBSSE, (1) 

 ΔGad = G (Si-nanotube (7,7)/drug) – G (drug)   

    – G (Si-nanotube (7,7)) + EBSSE.  (2) 
 
where E (Si-nanotube (7,7)/drug) corresponds to the 
energy of complexes of 1a–1c with Si-nanotube (7,7); 
and E (Si-nanotube (7,7)) and E (drug) correspond to 
energy of 1a–1c and Si-nanotube (7,7) respectively; G  
(Si-nanotube (7,7)/drug) corresponds to the free Gibbs 
energy of complexes of 1a–1c with Si-nanotube (7,7) and 
G (Si-nanotube (7,7), and G (drug) correspond to the free 
Gibbs energy of 1a–1c and Si-nanotube (7,7) respective-
ly. EBSSE is the basis set superposition error energy by 
counterpoise modification method. Negative values of 
ΔEad and ΔGad correspond to exothermic adsorption of 
1a–1c on the surface of Si-nanotube (7,7) (ref. 19). 
 Leong et al.20 synthesized a chain of diarylpentenedione 
derivatives (1a–1c) and examined their anti-inflammatory 
activity against RAW 264.7 cell using experimental  
methods (Figure 1). They showed that diarylpentenedione 
derivative 1a has the highest action against RAW 264.7 
cell, while diarylpentenedione derivative 1c has the high-
est IC50 value and the lowest action against RAW 264.7 
cell20. Thus the anti-inflammatory activity of these  
diarylpentenedione derivatives can be represented as fol-
lows: 1c < 1b < 1a. 
 Leopoldini et al.21 examined the theoretical parameters 
of several phenolic drugs using the DFT/B3LYP method. 
Nam et al.22 studied the theoretical parameters for pyridi-
nethiol derivatives using the DFT/B3LYP method, while 
Mohajeri and Asemani23 examined those of chroman  
derivatives using DFT method. 
 Researchers21–23 showed that DFT/B3LYP method can 
calculate the experimental activity of drugs, significantly. 
Rimarcik et al.24 studied the activity of several anilines 
using the B3LYP method. Brinck et al.25 calculated the 
activity of the drugs via DFT/B3LYP and 6-31G(d, p)  
basis set. They confirmed there are linear dependencies 
between the experimental and theoretical activities of 
studied drugs. 
 Klein and co-workers26–28 confirmed using the theore-
tical and experimental methods that antioxidant activity 
 
 

 
 

Figure 1. Structures of diarylpentenedione derivatives 1a–1c and 
published IC50 values (in μM) against RAW 264.7 cell in previous lite-
rature20. 
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Figure 2. Interactions of diarylpentenedione derivatives 1a–1c with Si-nanotube (7,7). 
 
 
of drugs such as chromans has linear dependencies.  
Kumar et al.29 studied the properties of naturally occur-
ring flavonoids such as chrysoeriol and hispidulin using 
DFT/B3LYP. 
 Sadasivam and Kumaresan30 reported that antioxidant 
activity of drugs via theoretical method (DFT/B3LYP) 
and experimental scales have same trends. Therefore, it 
can be concluded that the DFT/B3LP method can predi-
cate the experimental properties of various drugs and also 
propose novel drugs with high activity21–30. 
 In the present study, the ΔEad and ΔGad values of 1a–1c 
on Si-nanotube (7,7) surface were calculated. Table 1 
shows the ΔEad values of 1a and 1b on Si-nanotube (7,7) 
are higher than that of 1c. Also, the ΔEad value of 1a on 
Si-nanotube (7,7) is higher than that of 1b. 
 The ΔGad value of 1a on Si-nanotube (7,7) is higher 
than those of 1b and 1c Also, the ΔGad value of 1b on  
Si-nanotube (7,7) is higher than that of 1c. ΔGad values of 
1a–1c on Si-nanotube (7,7) are lower than ΔEad. Thus the 
results show that ΔEad and ΔGad values of 1a–1c on  
Si-nanotube (7,7) surface are negative and decrease as 
follows: 1c < 1b < 1a. Adsorption of 1a–1c on Si-nanotube 
(7,7) surface is possible from the thermodynamic view-
point. The diarylpentenedione derivatives 1a and 1c have 
the highest and the lowest probable to Si-nanotube (7,7) 
respectively. 
 The diarylpentenedione derivatives (1a–1c) as phenolic 
structures can play a protective role via three mechan-
isms. In the first one, the free radical removes a hydrogen 

atom from 1a–1c. In the second, the diarylpentenedione 
derivatives can donate an electron to the free radical and 
drug become a radical cation. In the third, drugs 1a–1c 
can transfer protons to the free radical and they become 
anion structures. The bond dissociation enthalpy (BDE), 
ionization potential (IP) and proton affinity (PA) are  
important parameters that provide information about the 
efficiency of the diarylpentenedione derivatives activity. 
The lower BDE, IP and PA values of 1a–1c increase the 
reaction of free radical inactivation and electron abstrac-
tion20–30. 
 In this study, BDE, IP and PA of 1a–1c were indicated 
using 6-31G(d) basis set and density functional theory 
method. 
 The BDE values of 1a–1c were calculated via differ-
ences in enthalpies of diarylpentenedione, hydrogen atom 
and diarylpentenedione in radical form as follows 
 
 BDE = H (diarylpentenedione in radical form) 

    – H (diarylpentenedione) – H (hydrogen atom). 
 
The IP values of 1a–1c were calculated via differences of 
enthalpies in diarylpentenedione, electron and diaryl-
pentenedione in cation radical form as follows 
 
 IP = H (diarylpentenedione in cation radical form) 

   – H (diarylpentenedione) – H (electron). 
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The PA values of 1a–1c were calculated via differences 
enthalpies of diarylpentenedione, proton and diarylpente-
nedione in anion form as follows 
 
 PA = H (diarylpentenedione in anion form) 

   – H (diarylpentenedione) – H (proton). 
 
Table 1 shows the calculated BDE, IP and PA values of 
1a–1c. The calculated BDE values of 1a–1c decreased as 
follows: 1a < 1b < 1c. Thus, 1a has the highest capacity 
and 1c has the lowest capacity to lose hydrogen atom. 
 The calculated IP values of 1a–1c decreased as  
follows: 1a < 1b < 1c. Thus 1a has the highest capacity 
and 1c has the lowest capacity to lose an electron. 
 The calculated PA values of 1a–1c decreased as  
follows: 1a < 1b < 1c. Thus 1a has the highest capacity 
and 1c has the lowest capacity to lose a proton. 
 Table 2 shows the calculated μ, η and ω values of  
1a–1c and Si-nanotube (7,7). The calculated μ values of 
1a–1c decreased as follows: 1a > 1b > 1c. Thus 1a has 
the highest and 1c has the lowest capacity to accept an 
electron. The calculated η values show that 1a has the 
lowest stability and the highest reactivity and 1c has the 
lowest reactivity. 
 The calculated ω values of 1a–1c decreased as follows: 
1a > 1b > 1c. Thus 1a has the highest and 1c has the low-
est capacity to accept electrons. 
 Table 2 also shows the calculated ΔN values of com-
plexes of 1a–1c with Si-nanotube (7,7). The diaryl-
pentenedione derivatives 1a–1c act as electron donors and 
boron nitride-nanotube (9,9) acts as an electron acceptor. 
Also, 1a has the highest ΔN value and the highest interac-
tions with Si-nanotube (7,7). 
 Thus the anti-inflammatory activity of diarylpentene-
dione derivatives was found to decrease as follows: 
1c < 1b < 1a. The adsorption potential of 1a–1c de-
creased as follows: 1a > 1b > 1c. Calculations show that  
 
 
Table 1. Calculated ∆Ead and ΔGad (eV) of diarylpentenedione deriva-
tives 1a–1c on surface of Si-nanotube (7,7). The BDE, IP and PA values  
  (eV) of studied structures 

Structures ΔEad ΔGad BDE IP PA 
 

1a –0.55 –0.45 11.8 17.3 8.4 
1b –0.41 –0.37 13.2 18.9 9.1 
1c –0.34 –0.26 14.6 20.1 9.9 
 
 

Table 2. μ, η, ω and ΔN (eV) values 1a–1c and Si-nanotube (7,7) 

Structure μ η ω ΔN 
 

Si-nanotube (7,7) –0.55 0.10 1.56 – 
 

1a –0.47 0.07 1.66 –0.250 
1b –0.46 0.11 0.99 –0.225 
1c –0.45 0.14 0.73 –0.217 

1a has the highest value and 1c has the lowest μ and ω 
values. It can be concluded that the calculated μ, η, ω 
values of 1a–1c and their ΔEad and ΔGad values have sim-
ilar trends. These theoretical trends confirm the experi-
mental trends of anti-inflammatory activity of 1a–1c. The 
ΔEad, ΔGad, μ, η and ω values derivatives 1a–1c are vital 
parameters to predicate their adsorption potential on the  
Si-nanotube (7,7) surface. 
 In this study, the anti-inflammatory activity of diaryl-
pentenedione derivatives 1a–1c were examined using 
theoretical methods and the obtained results were compared 
with the reported experimental results20. Experimental re-
sults showed that 1a and 1c have the highest and lowest 
anti-inflammatory activity respectively. The interactions 
of 1a–1c with Si-nanotube (7,7) were examined and the 
quantum molecular descriptors of the diarylpentenedione 
derivatives were calculated. The adsorption parameters 
(ΔEad and ΔGad) of 1a–1c on Si-nanotube (7,7) surface 
were studied using density functional theory method. Re-
sults show that, 1a–1c can interact with Si-nanotube (7,7) 
significantly and their adsorption on Si-nanotube (7,7) 
surface is possible from a thermodynamic viewpoint. The 
adsorption ability of the diarylpentenedione derivatives 
decreased as follows: 1a > 1b > 1c and 1a. Also, 1a has 
the highest and 1c the lowest potential for adsorption on 
Si-nanotube (7,7). In addition, 1a has the highest μ and ω 
values and the lowest η value. Results indicated that 
theoretical and experimental trends of activity of diaryl-
pentenedione derivatives 1a–1c are similar. 
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2Gujarat Ecological Education and Research Foundation,  
Gandhinagar 382 007, India 
 
Literature on the biomass estimates and carbon cycles 
of Asian tropical deciduous forests is very limited. In 
this study, seven woody species were selected, with 
four representatives each in chronosequence, and har-
vested from deciduous forests of Dang, Gujarat for  
assessing their biomass and carbon content. All the 
species showed a carbon percentage between 40% and 
45%. The regression equations of total biomass versus 
girth class developed for all seven species would be 
useful to estimate biomass on a larger scale and the 
carbon content would improve the understanding 
about carbon accounts of Indian forests. 
 
Keywords: Biomass estimation, carbon sequestration, 
climate change, Indian forests, tropical deciduous forests. 
 
ABOUT 17% of the global CO2 emissions occur due to de-
forestation and land-use change1. Reduction of emissions 
through deforestation and forest degradation (REDD+) 
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