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Abstract 

We performed DFT and TDDFT calculations to determine interactions between silver atom 

and model cell membrane of human hepatocellular carcinoma (HepG2) cells or human liver 

cells.  Specifically, we chose the two major lipid constituents of HepG2 cells which are 1-

palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyI-sn-glycero-

3-phosphoethanolamine (POPE) to represent HepG2 cell membrane. Silver atom (Ag0) and silver 

ion (Ag+) are used as silver models to represent possible point-to-point interaction and the effect 

of silver ion (Ag+) leakage. The results show that exposure of POPC to silver ion (Ag+) at a high 

concentration can cause structural conformational changes from being originally bent to straight 

conformation. In addition, the interaction between silver ion (Ag+) and the lipids can cause 

significant amount of charge transfer that ranges from 0.14 to 0.16 for POPC and 0.12 to 0.14 for 

POPE. Moreover, though silver ion (Ag+) binds three to five times stronger to the lipids than 

silver atom (Ag0), both interactions are Van der Waals interaction.  Finally, the presence of silver 

atom (Ag0) in the lipids can be detected using UV-Vis spectrophotometer by occurrence of a red 

shift which is seen at 376 nm and 372 nm for POPC and POPE respectively.  However, detecting 

silver ion (Ag+) using this method is not feasible as no apparent shifts are shown.  
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1.  Introduction 

The utilization of silver is continually increasing. The world’s demand distribution of silver 

in 2010 is 20% for jewelry and silverware, 7% for photography, 27% for investment and 46% for 

industries according to the Silver Institute.1 The industrial application of silver has been 

expanding and comes in the form of silver compounds and silver nanoparticles. Silver 

nanoparticle industry is widely emerging2-3  and is increasingly becoming part of our daily lives. 

This nanomaterial is present in cosmetics, textiles, food packaging, drug delivery systems, 

therapeutics, electronics, and others.4-8 Size ranges from 1 nm to 100nm9 and it comes in 

different shapes such as triangular, hexagonal, polyhedrons and others that are readily 

available.10 Silver is generally low in toxicity.4 However, when decreased to nanoscale size, this 

material is considered to be toxic.11 This type of silver material is now one of the fastest growing 

nanomaterial industry with wide range of applications.2-3 It is present in topical wound dressings, 

cosmetics, textiles, detergent, food packaging, and many consumer products we use daily.4-8 The 

growth in the usage of silver is often attributed to its anti-microbial properties.12-19 Despite the 

growing applications of this material, information about its toxicity is still lacking.3, 7, 20-22  

Different stabilizers or protective agents such as citrate, tannic acid, PVP(polyvinyl pyrrolidone), 

DDT(1-dodecanethiol), and many other are used for silver nanoparticles depending on the 

purpose.23-24 The popularity of usage of this material is attributed to its antimicrobial 

properties,12-17 good optical, conductive and other outstanding physical properties.8 

 Despite the growing application of silver nanoparticles,16-17, 25-28 information about its 

toxicity is still lacking.3, 7-8, 12, 20, 22, 29-41 There are some studies on silver nanoparticles that 

account its toxicity to its size, shape, composition and dosage.21, 42 Others account toxicity to the 

surface charge8 and possible leakage of silver ions (Ag+).42  Several studies about toxicity of 
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silver nanoparticle are available.  However, its toxicity mechanism in the body is not fully 

known.22  

Absorption in the body is through inhalation, ingestion or topical application.4 When 

silver is absorbed in the body, the target organ for accumulation is the liver.2, 43 Liver is a vital 

organ responsible for metabolism and detoxification in the body.  In vitro studies of the liver 

often use HepG2 cell line which is widely accepted as a valuable and informative model system 

for studying human liver cells function.22 The major lipid components of this cells are 1-

palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyI-sn-glycero-

3-phosphoethanolamine (POPE).3, 41, 44 These two lipids both have a hydrophobic tail (oleic acid, 

palmitic acid and part of glycerol) and a hydrophilic head containing a choline or ethanol amine 

group with a phosphate group which is more likely to interact with silver. In a study done by 

Leekumjorn, S. et. al. HepG2 cells were modeled using POPC and POPE in their lipid bilayer 

model. In our calculations, our model HepG2 is represented by one POPC head (phosphocholine 

section) and one POPE head (phosphoethanolamine section) (See Fig.1) and our silver models 

are silver ion (Ag+) and silver atom (Ag0). (Ag+) and (Ag0) are used to model point to point 

interaction of silver and a lipid. A study by Kittler, S. et. al. shows that (Ag+) leaks out of nano-

silver during storage.22 Using (Ag+) as model can also represent this phenomena. A 1:1 ratio of 

phospholipid to silver which translates to a high silver concentration is used in our interaction 

models. Adverse effects of exposure of model HepG2 to a highly concentrated silver model is 

then observed in the theoretical level. The focus of this study is on the effects of silver on the cell 

membrane of HepG2 cells and on a possible detection method for its presence. As such, we 

performed DFT and TDDFT calculations to determine the interaction strength that occur 

between silver and the major lipids present in HepG2 cell membrane.   
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Fig 1. The model membrane of HepG2. 

2.  Computational details 

Density Functional Theory (DFT) implemented in Gaussian 03W was used in all our 

calculations of geometries and Time Dependent Density Functional Theory (TDDFT) was used 

in our calculations of electronic properties and exited states. GaussView 3.0 was used to 

visualize geometries and interaction between silver and model lipids and Gauss Sum was used to 

generate UV-vis absorption spectra from TDDFT calculations. B3LYP functional was used 

together with two basis sets namely LANL2DZ for silver and 6-311+G(d,p) for the model lipids.  

The solvent used in all calculation is water. All convergence criteria are the same as the previous 

calculations.45-51    

Interaction between metal and ligands is important research topic as it is critical to the 

structural property,52 polarizability,53 and functions.54-57 To represent the interaction of silver and 

lipids present in HepG2 cells, we modeled silver using silver ion (Ag+) and silver atom (Ag0), 

and lipids using one POPC head (phosphocholine section) and one POPE head 

(phosphoethanolamine section). A 1:1 ratio of phospholipid to silver was used to model exposure 

of the cell to a high concentration of silver.   
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Silver models were placed at different locations around the phosphate group of model 

lipids to determine binding properties and possible structural changes. We chose the two major 

lipid constituents of HepG2 cells which are 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine 

(POPC) and 1-palmitoyl-2-oleoyI-sn-glycero-3-phosphoethanolamine (POPE) to represent 

HepG2 cell membrane.41, 58 A total of sixteen (16) interaction models are established. Four (4) 

different positions around the phosphate group are used for silver ion-POPC head, silver ion-

POPE head, silver atom-POPC head and silver atom-POPE head.  Each of these four positions is 

modeled where the silver is near one of the oxygen present in the phosphate group. The P1, P2, 

P3 and P4 positions represents which closest oxygen the silver was originally located.  See Figs. 

2-5.   

All established interaction models were inspected for structural conformational changes, 

possible charge transfer and binding energies are determined as well. The presence of silver in 

the lipid models was detected by TDDFT calculations of electronic properties and excited states 

of the model HepG2, and most stable interactions between silver and model lipids are followed 

by the generation of UV-Vis absorption spectra using Gauss Sum which shows the differences of 

absorption wavelength of lipids with and without silver. 

 

3.  Results 

3.1 Effect of silver atom on the structure of model HepG2 

The presence silver ion causes structural conformational changes to POPC head.  The 

interaction of silver ion-POPC shown in Fig 2, results in an alteration of the alignment of 

phosphocholine group from being bent (see Fig 1) in the absence of silver to straight.  In silver 

ion-POPC interaction represented in Fig 2, the silver ion’s preferred positions is ranked as 
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P4>P1>P3>P2, where the first two has both straight conformation. The shortest distance of silver 

ion to the phosphate group of POPC ranges from 2.275Å to 2.281Å, where silver ion is 

interacting with one of freely binding oxygen of the phosphate group (O2 and O4 in Fig 2).   

Interaction between silver ion and POPC was observed to have a significant amount of charge 

transfer ranging from 0.141 to 0.164. 

         

Fig 2. Silver ion-POPC head interaction, distances and Mulliken atomic charges, the red, orange, gray white, royal blue and light 

blue balls represent oxygen, phosphorus, carbon, hydrogen, nitrogen, and silver. 

 

  For the silver atom-POPC interaction shown in Fig 3, the preferred position of the silver atom is 

P3>P1>P2>P4 with bent-straight-bent-straight conformation pattern. The shortest distance 

observed between the silver atom and phosphate group of POPC is 4.72 Å (P4) which is about 

twice the distance of silver ion-POPC interaction. This indicates the attraction between the silver 

and the phosphate of POPC weaker when silver is in atomic form. Silver atom-POPC interaction 

was observed to have charge transfer of 0.004-0.012 which is considerably small. 
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 Fig 3. Silver atom-POPC head interaction, distances and Mulliken atomic charges, the red, orange, gray white, royal blue and 

light blue balls represent oxygen, phosphorus, carbon, hydrogen, nitrogen and silver. 

 

            For the POPE-silver ion interaction in Fig 4, it was observed that the POPE was likely to 

have a bent conformation which is the same without being exposed to silver ion. The silver ion 

preference is ranked as P4>P3>P1>P2 where all four has a bent conformation which is the same 

as original.  The shortest distance of silver ion to the phosphate of POPE is 2.29 Å (P1, P3, P4 of 

Fig 4) which is very similar to silver ion-POPC shortest distance of 2.28 Å. POPE-silver ion was 

observed to have a significant charge transfer that ranges from 0.124 to 0.137.  

            

       Fig 4. Silver ion-POPE head interaction, distances and Mulliken atomic charges, the red, orange, gray white, royal blue and 

light blue balls represent oxygen, phosphorus, carbon, hydrogen, nitrogen and silver. 

 

For the POPE-silver atom interaction in Fig 5, structural conformation change was not 

observed.  The silver atom preference around POPE is P3>P4>P1>P2. The distance between the 
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phosphate group of POPE and silver atom ranges from 4.89Å to 5.26Å which is about twice of 

the silver ion-POPE distance. It was observed that weaker attraction occur in the presence of 

silver atom in POPE. In addition, an insignificant amount of charge transfer that ranges from 

0.005-0.009 occurs in the silver atom-POPE interaction.                                                                   

   

                                                                                                                                                                                                                                                

Fig 5. Silver atom- POPE head interaction distances and Mulliken atomic charges, the red, orange, gray white, royal blue and 

light blue balls represent oxygen, phosphorus, carbon, hydrogen, nitrogen and silver. 

 

Structural conformation change is not observed in POPE upon exposure to either silver ion (Fig 

4) or silver atom (Fig 5).  This means that POPE is not subject to structural conformational 

change at high concentration of silver.   

 In all four sets models, only silver-ion POPC model results in a structural conformational 

change from being originally bent to a straight conformation.  Furthermore, the attraction 

between silver and lipid is stronger when silver is in the form of silver ion.  This is confirmed by 

a shorter distance between silver ion and the phosphate groups of the lipids. This stronger 

attraction with silver ion is also preceded by a significant amount of charge transfer which ranges 

from 0.141 to 0.164 for POPC and 0.124 to 0.137 for POPE. 
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3.2 Binding Energies of interaction between silver and lipids present in HepG2 cells 

Binding energies of silver to lipid models were obtained.  Table 1 and Table 2 show the 

binding energies of silver ion and silver atom with POPC and POPE respectively. 

Table 1. Binding energies of POPC with silver 

Position # Binding Energy with Silver ion 

(kcal/ mol) 

Binding Energy with Silver atom 

(kcal/ mol) 

P1 -5.84 -1.83 

P2 -5.16 -1.70 

P3 -5.74 -2.24 

P4 -7.30 -1.48 

 

 

Table 2. Binding energies of POPE with silver 

Position # Binding Energy with Silver ion 

(kcal/ mol) 

Binding Energy with Silver atom 

(kcal/ mol) 

P1 -4.84 -1.70 

P2 -3.38 -1.45 

P3 -4.91 -1.94 

P4 -4.92 -1.72 

 

All calculated binding interactions are exothermic. Moreover, it was observed that 

binding energy of POPC and POPE with the silver ion is three to five times greater than with the 

silver atom. This indicates a stronger binding interaction between the lipids and silver ion which 

is also confirmed by a shorter distance of 2.28 Å-2.29 Å as previously mentioned. Similarly, this 
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means that desorption of silver atom from model lipids will be easier than silver ion. In terms of 

possible accumulation in the cell membrane the presence of silver ion will be much greater than 

that of silver atom if no other reaction is involve. The binding energies of between silver and the 

model lipids (Table1 and 2) which falls between -7.30 to -1.45 kcal/mol suggests that Van der 

Waals intermolecular interaction exists.     

 

3.3 UV Vis spectra, band gaps and molecular orbitals of interacting silver-model lipids 

present in HepG2 cells  

                

                    

 

 

 

 

 

 

 

 

 

Fig 6. Energy diagram obtained from DFT calculations. 

An energy diagram of silver ion, silver atom, POPC and POPE heads and their exposure 

to silver atom or silver ion is shown in Fig 6.  POPC and POPE head (black in Fig. 6) takes the 

same amount of excitation energy from HOMO to LUMO (7.27 eV). The presence of silver 

either in ionic or atomic form in these two lipids increases their reactivity. In the interaction with 
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silver ion (red in Fig 6), the HOMO resembles that of the two lipids while the LUMO resembles 

that of the silver ion (Ag+) decreasing the excitation energy by a fourth of that of the lipids, 1.77 

eV to 1.79 eV for POPE and POPC respectively.  The HOMO-LUMO excitation energy values 

of 5.48 eV for POPC w/ Ag+ and 5.55 eV for POPE w/ Ag+ is more likely influenced by the 

silver ion which has a very similar HOMO-LUMO band gap of 5.87 eV. 

In the silver atom-lipid interaction, (blue in Fig 6) the HOMO resembles that of the silver 

atom and the LUMO resembles that of the two lipids which also decreases the excitation energy 

of the two lipids by about half of that of the lipids, 3.29 eV to  3.36 eV for POPC and POPE 

respectively. The HOMO-LUMO excitation energy values of 3.98 eV for POPC w/ Ag0 and 3.91 

eV for POPE w/ Ag0 is influenced by the presence of the silver atom with a HOMO-LUMO 

band gap of 4.26 eV. 

UV-Vis spectra are generated to further understand the effects of silver to the model 

lipids.  Fig 6 and Fig 7 show the absorption spectra of silver atom (gray), POPC head and POPE 

head respectively (red), and their exposure to silver ion (blue) and silver atom (green). TDDFT 

calculations for silver ion results in the absence of visible peak, thus absorption spectra for silver 

ion cannot be generated. The peak values are available in Tables 4, 6, 8, 10, 12, 14 and 16.   
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     Fig 7.  Absorption spectra of POPC with silver. 

                                       

      Fig 8. Absorption spectra of POPE with silver 

 

  The presence of both silver ion and silver atom in POPC and POPE both yielded a red 

shift. However, only POPC and POPE exposure to silver atom (green) , which are seen in 376 

nm and 372 nm respectively, results with the greatest red shift of more intensified absorption that 

is observable near the visible light region. .  This peak intensity at the wavelengths mentioned is 

definitely influenced by the presence of silver atom which is observed at 366 nm (gray). 

Experimental value of absorbance of atomic silver for silver nanoparticles with size of <10nm is 

385 nm.59 Our silver model are < 1nm size and has a difference of 2.34%-3.38% from 

experimental results Exposure of POPC and POPE to silver ion (blue) can be represented by a 

red shift less than that of the silver atom with a weaker intensity of absorption but can be difficult 

to detect in the UV region. These results suggests that this often used spectroscopy method can 

be used to detect the presence of silver atom in lipids present in HepG2 cell membrane. 

However, the presence of silver ion will not be possible for this spectroscopy method. 
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Table 3. Molecular Orbital and corresponding energies of POPC head 

 

 

Table 4. Calculated Excitation Energies, Oscillator Strengths and Molecular Orbitals(MOs)of POPC head 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPC head 6.51 191 nm 0.0205 57->58 
57->59 
57->61 

0.48867 
0.47521 
0.10978 

 6.96 178 nm 0.0128 55->59 
56->58 
56->59 

0.23581 
0.41715 
0.48575 

 7.44 

 
167 nm 0.0277 54->58 

54->59 
55->60 
55->61 
56->60 
57->62 

0.22421 
0.13976 
0.54131 
0.21345 
0.17852 
0.14156 

 

 

Looking at the molecular orbitals that participate in the excitation of POPC, POPE and 

their exposure to silver ion and atom (Table 3-14) will give insights of their characteristics and 

interactions. Table 3 shows the shape of the MOs (Table 4) that participate in excitation of 

POPC. When excited from HOMO (MO 57) to LUMO (MO 58), the electron density in POPC 

head shifts from the phosphate group to the choline group of the head. 

        
 

MO 54 

(HOMO-3) 

MO 55 

(HOMO-2) 

MO 56 

(HOMO-1) 

MO 57 

(HOMO) 

MO 58 

(LUMO) 

MO 59 

(LUMO+1) 

MO 60 

(LUMO+2) 

MO 61 

(LUMO+3) 

MO 62 

(LUMO+4) 

-8.41 eV -7.78 eV -7.65 eV -7.40 eV -0.22 eV 0.03 eV 0.25 eV 0.41 eV 0.49 eV 
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Table 5. Molecular orbital and corresponding energies of POPC head exposed to silver ion (Ag+) 

 

 

 

Table 6. Calculated excitation energies, oscillator strengths and frontier molecular orbitals(MOs)of POPC 

head exposed to silver ion(Ag+) 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPC head 

with silver ion 

4.22 294 nm 0.0102 60->67 
56->67 
 

0.16803 
0.65378 
 

 5.48 226 nm 0.0198 56->67 
59->67 
60->67 
65->67 
66->67 

0.12509 
0.46516 
0.40858 
0.21029 
0.16455 
 

 6.42 193 nm 0.0276 56->67 

57->67 
58->67 
60->67 

0.32254 
0.48223 
0.35562 
0.11183 

 

Upon exposure of POPC to silver ion (Table 5), the electron density in the HOMO (MO 

66) concentrates in phosphate group sharing some with the silver ion (Ag+). This shape of 

HOMO has more similarities to the HOMO (MO 58) of POPC in Table 3. When excited to 

LUMO (MO 67) the majority of electron density shifts to the silver ion (Ag+). 

  
      

MO 56 

(HOMO-6) 

MO 57 

(HOMO-5) 

MO 58 

(HOMO-4) 

MO 59 

(HOMO-3) 

MO 60 

(HOMO-2) 

MO 65 

(HOMO-1) 

MO 66 

(HOMO) 

MO 67 

(LUMO) 

-9.20 eV -9.14 eV -8.84 eV -8.33 eV -8.27 eV -7.67 eV -7.32 eV -1.85 eV 
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Table 7. Molecular orbital and corresponding energies of POPC head exposed to silver atom (Ag0) 

 

Table 8. Calculated excitation energies, oscillator strengths and molecular orbitals(MOs) of POPC head exposed to 

silver atom (Ag0) 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPC with 3.27 379 nm  0.2375 67A->68A  
67A->69A 
67A->70A 
67A->71A 
67A->72A 
60B-> 67B 

0.85687 
0.17413 
0.13307 
0.21269 
0.37783 
0.11186 
 

silver atom  3.30 376 nm  0.2596 67A->68A 

67A->69A 

67A->70A  
67A->71A 
67A->72A 
61B->67B 
 

0.13994 
0.89970 
0.10024 
0.28576 
0.21025 
0.11592 

(Ag0) 3.31 375 nm  0.2189 67A->68A 

67A->70A 
67A->72A 
67A->73A 
62B->67B 

0.12688 

0.95985 
0.11964 
0.13624 
0.12400 
 

   
   

   

MO 60 

(HOMO-7) 

MO 61 

(HOMO-6) 

MO 62 

(HOMO-5) 

MO 67 

(HOMO) 

MO 68 

(LUMO) 

MO 69 

(LUMO+1) 

MO 70 

(LUMO+2) 

MO 71 

(LUMO+3) 

MO72 

(LUMO+4) 

 

-7.73eV(β) 

 

-7.73eV(β) 

 

-7.70 eV(β) 

-4.14eV(α) 

-2.37eV(β) 

-0.22eV(α) -0.027eV(α) 0(α) -0.19eV(α) -0.19eV(α) 
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When silver atom (Ag0) is present instead of silver ion around POPC (Table 7), the 

electron density in the HOMO (MO 67) is concentrated in the silver atom, similar to the LUMO 

(MO 67) of POPC with silver ion in Table 5.  When excited to LUMO (MO 68), the electron 

density shifts to the choline group of POPC head sharing some with silver atom. This LUMO 

(MO 68) of POPC with silver atom is similar to the LUMO of just POPC alone in Table 3. 

Table 9. Molecular Orbital and corresponding energies of POPE head 

 
  

 
  

 

MO 43 MO 44 MO 45 MO 46 MO 47 MO 48 MO 49 

(HOMO-2) (HOMO-1) (HOMO) (LUMO) (LUMO+1) (LUMO+2) (LUMO+3) 

-8.14 eV -7.86 eV -7.43 eV -0.14 eV 0.27 eV 0.44 eV 0.54 eV 

 

 

Table 10. Calculated excitation energies, oscillator strengths and molecular orbitals(MOs) of POPE head 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPE head 7.21  172  nm  0.0449 
 
 
 

43>46 

43->47 
44->48 
45->47 

0.63842 

0.18874 
0.11000 
0.10847 
 

 7.29  170 nm  0.0143 45->49 

 

0.69215 

 

 7.73  160  nm  0.0438 42->46 

43->46 

43->47 

43->48 

44->49 

 

0.29000 

0.11809 

0.24401 

0.28259 

0.46684 
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In the excitation of POPE, the electron density which is concentrated in the phosphate 

group in the HOMO (MO 45) shifts to the ethanol amine group upon excitation to the LUMO 

(MO 46) shown in Table 9. In the exposure of POPE to silver ion the electron density is shared 

between the phosphate group and silver ion in the HOMO (MO 54) shown in Table 11. Upon 

excitation to LUMO (MO 55) the electron density concentration shifts to the silver ion. This 

mechanism is very similar POPC exposure to silver ion.    

 

              Table 11. Molecular orbital and corresponding energies of POPE head exposed to silver ion (Ag+) 

 

 

Table12. Calculated excitation energies, oscillator strengths and molecular orbitals(MOs) of POPE head exposed to 

silver ion(Ag+) 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPE head 

with silver ion  

5.76 215 nm  0.0201  48->55 
51->55 
54->55 

 

0.61398 
0.26652 
0.10543 

(Ag+) 5.84  212 nm  0.0286  45->55 
46->55 
47->55 
54->55 

 

0.14726 
0.10009 
0.64492 
0.11872  

 6.60  188  nm  0.0109  44->55 
45->55 

0.19674 
0.55823 

     
   

MO 44 

(HOMO-10) 

MO 45 

(HOMO-9) 

MO 46 

(HOMO-8) 

MO 47 

(HOMO-7) 

MO 48 

HOMO-6) 

MO 51 

(HOMO-3) 

MO 54 

(HOMO) 

MO 55 

(LUMO) 

-9.39 eV -9.20 eV -8.98 eV -8.54 eV -8.46 eV -8.05 eV -7.40 eV -1.85 eV 
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46->55 
47->55 

 

0.35031 
0.11517 

 

   

 

In the presence of silver atom in POPE seen in Table 13, the electron density is 

concentrated around the silver atom in the HOMO (MO 55). Upon excitation to LUMO (MO 

56), the electron density shifts to the ethanol amine group sharing a little with the silver.  

 

Table 13. Molecular orbital and corresponding energies of POPE head exposed to silver atom (Ag0)   

       

MO 55 MO 56 MO 57 MO 58 MO 59 MO 60 MO 61 

(HOMO) (LUMO) (LUMO+1) (LUMO+2) (LUMO+3) (LUMO+4) (LUMO+5) 

-4.05eV(α) -0.14eV(α) 0.05eV(α) 0.08eV(α) 0.19eV(α) 0.41eV(α) 0.52eV(α) 

 

 

Table14. Calculated excitation energies, oscillator strengths and molecular orbitals(MOs) of POPE head exposed to 

silver atom (Ag0) 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

POPE head  

with silver   

3.25  381 nm  0.2485  55A->56A 

55A->57A 
55A->59A 
55A->60A 
 

0.85197 

0.18608 
0.46118 
0.10142  

atom(Ag+) 3.33 373 nm  0.2474  55A->57A 

55A->58A 
55A->59A 

55A->61A 

0.71435  
0.64253 
0.17332 

0.13114 
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 3.34 372 nm  0.2536 55A->57A 

55A->58A 
55A->59A 

55A->60A 

0.60355 
0.73294 
0.18764 
0.20018 
 

 

    

Table 15. Molecular orbital and corresponding energies of silver atom (Ag0) 

 

 

 

 

 

 

 

 

Table 16. Calculated excitation energies, oscillator strengths and molecular orbitals (MOs) of silver atom (Ag0) 

Compound Energy 

(eV) 

Wavelength Oscillator 

Strength 

MOs Coefficient 

Silver   

atom 

3.3848 366 nm  0.3054  10A->11A 
10A->13A 
 

0.98740 
0.14880 

(Ag0) 3.3848  366 nm  0.3054  10A->11A 
10A->13A 
 

0.14883 
0.98738 
 

 3.3848  366 nm  0.3054  10A->12A 0.99853 

Overall, the molecular orbitals of POPC and POPE upon excitation from HOMO to 

LUMO share the similar mechanism where the electron density shifts from the phosphate group 

to the choline or ethanol amine group. The exposure of these two lipids to silver ion and silver 

atom also share similar mechanism upon excitation. In the presence of silver ion in both lipids, 

  
 

 

MO 10 

(HOMO) 

MO 11 

(LUMO+1) 

MO 12 

(LUMO+2) 

MO 13 

(LUMO+3) 

3.78 eV 0.44 eV 0.44 eV 0.44 eV 
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electron density shifts from being shared between the silver ion and phosphate group to the silver 

ion upon excitation from HOMO to LUMO. In the presence of silver atom in both lipids, the 

electron density shifts from the silver atom to the choline group or ethanol amine group sharing a 

little to the silver atom. We mention that the results are at the single molecule level and effect of 

aggregation may also be interested in the experimental observations60 and is important to 

consider in future studies. Similarly, single Ag atom or ion is different from nanoparticles,61-67 

which have different properties. Nevertheless, the DFT results can serve as an important input to 

build force field for dynamics simulations68-69 that are necessary for a better understanding of the 

processes.   

  

4.  Conclusions 

To sum up, we have obtained four major results from modeling the interaction of silver 

with lipids present in HepG2 cells. First, a very high concentration of silver ion introduced in 

POPC lipid can produce a structural conformation change in the POPC head part of from being 

originally bent to being straight conformation. Second, the presence of silver ion in the model 

lipids results in a significant charge transfer ranging from 0.141 to 0.164 for POPC and 0.124 to 

0.137 for POPE. Third, the binding interaction between silver ion and the lipids is found to be 

greater with silver atom. The interaction between silver and the lipids is categorized as Van der 

Waals intermolecular interaction. Lastly, the presence of silver in the lipids can be detected 

through UV-vis spectrophotometer. A UV-vis absorption spectra were generated and a red shift 

was observed in the presence of silver in the lipids. A greater red shift within the visible light 

region and a more intense absorption were observed when the lipids are exposed to silver atom.  

Exposure to silver atom was observed in the UV light region with a very low intensity. This 
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indicates that this using spectrometry for detection of the presence of silver atom in the model 

lipids is possible but will be difficult for detection of silver ion.   
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