
Abstract 
“Green” manufacturing techniques, including the use of 

bacteria to precipitate semiconducting nanoparticles, 

receive increasing attention as the research into 

alternative energy harvesting technologies is growing. 

We argue that Escherichia coli (E. coli) bacteria have 

great potential for the fabrication of patterned cadmium 

sulfide (CdS) thin films for solar cell applications. Here, 

we capitalize on the ability of genetically engineered E. 

coli to precipitate cadmium sulfide nanoparticles 

(Scheme 1), through the expression of the Treponema 

denticola cysteine desulfhydrase gene.1 

 

 

 

 

 

 

 
  

 

 

 
 

Scheme 1: A) Deposition from solution, B) in situ 

growth. 

Introduction 
E. coli are rod shaped bacteria that are widely used in 

biotechnology applications, most notably for protein 

synthesis. More recently E. coli have been genetically 

engineered to precipitate transition metal nanoparticles 

from solution.1,2 Nanoparticle synthesis is important for a 

broad range of nanotechnology applications, including 

medical imaging3, disease detection4, and solar cells.5 

Our research harnesses the potential of genetically 

engineered E. coli to generate, autonomously-patterned, 

CdS thin films for photovoltaic applications. Here, we 

report on our initial results, focused on developing 

deposition protocols and characterizing the 

morphological properties of  bacterially precipitated CdS 

nanoparticles and thin films.  
 

Growth and Deposition 
Bacteria cultures were grown in M9 medium, modified to 

enhance CdS nanoparticle precipitation by including 

IPTG, K2SO4, glycerol phosphate, cysteine, and CdCl2. 

To harvest CdS from liquid growth cultures we first 

lysed the bacteria and removed the white, organic 

supernatant to leave behind a yellow pellet which was 

redispersed in acetone for further analysis. In film 

growth cultures we first deposited widely-spaced (1 

mm) bacteria colonies in a grid-like pattern by inkjet-

printing onto agar slabs and provided medium to 

encourage their growth. The culture was covered with a 

polylysine (PLL) coated slide. We then allowed the 

bacteria to grow and adhere to the PLL-coated slide. For 

further analysis the slide, now containing patterned 

bacterial growth patches, was removed. For SEM 

imaging, the bacteria were dehydrated and sputter-

coated with gold. For diffraction experiments and to 

observe isolated NPs the substrates were heat treated at 

450 oC for 15 mins. 

Conclusions 
• We can generate array patterned films of 

bacteria using an inkjet printing method 

developed by Y. Cao.  

• E. coli precipitate CdS nanoparticles in 

solution. NPs can be deposited onto a 

substrate.  

• Nanoparticles have FCC and HCP crystal 

structures consistent with those reported in 

the literature. 

Future Work 
• Remove organics from substrate and image 

patterned CdS arrays. 

• Characterize electronic and semiconducting 

properties of nanoparticles and thin films. 

• Establish optimal heat treatment conditions 

for thin film preparation 
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Characterization Equipment: 

SEM: FEI XL-30 Scanning Electron Microscope 

TEM: Phillips (now FEI) CM12 

TEM with EDS and Electron Diffraction: JEOL 

2000FX S/TEM (AIF-NCSU) 

XPS: Kratos Axis Ultra X-ray Photoemission 

Spectrometer 
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X-ray Photoelectron Spectroscopy 

Scanning Electron Microscopy 
We used SEM to image the bacterial colony growth after transfer 

printing. The bacteria were fixed with glutaraldehyde and dehydrated 

prior to gold-coating and imaging by SEM (Fig. 1).  

To identify the chemical composition of our NP deposits we used XPS. 

XPS spectra were referenced to those obtained from chemical bath 

deposited CdS thin films.6 Survey scans taken at several locations 

showed the presence of Cd and S in a 6:1 ratio (Fig. 3A). 

Deconvolution of the Cd 3d peaks showed the presence of CdO 

(406.1 eV) and CdS (405.3 eV) in a 6:1 ratio (Fig. 3B). 

Transmission Electron Microscopy 
To asses the detailed morphology of bacterially precipitated CdS 

NPs we used TEM. Figures 5A-C show TEM images of CdS 

nanoparticles with mixed FCC and HCP structure. This is 

consistent with the crystal structures reported for CdS in the 

literature8 and our own XRD data (Fig. 4). Figure 5D shows the 

electron diffraction image of the particles shown in Figure 5A. 

Cadmium Sulfide Nanoparticles and Thin Films  

by E. coli Bacterial Precipitation 
Katherine Marusaka, Cooper Ebenb, Stephen Payneb, Yangxiaolu Caob, Lingchong Youb*, and Stefan Zauschera,b* 

 

a) Department of Mechanical Engineering & Materials Science, Duke University 

b) Department of Biomedical Engineering, Duke University 

X-Ray Diffraction 

Energy Dispersive X-Ray 

Spectroscopy 
We used energy dispersive spectroscopy (EDS) to determine the 

chemical composition of our CdS NPs. Figure 6 shows the EDS 

spectrum obtained from the particles shown in Figure 5A, above. 

To establish bacterially 

precipitated CdS NP morphology 

(Fig. 2), we extracted the NPs 

from liquid culture as described 

above, and deposited them onto 

a silicon substrate. To remove 

organic residues and to sinter the 

particles, we heat treated the 

substrate at 450 oC for 15 mins. 

 

 

 

 

 

To asses the crystal structure of the bacterially precipitated NPs, we 

used X-ray diffraction (XRD). Figure 4 shows the diffraction spectra 

A) before and B) after heat treatment. After heat treatment clear 

peaks, consistent with the FCC crystal structure of CdS, emerge. 

These results are further corroborated by results from electron 

diffraction experiments (see below).  

Results 

Figure 1: A) patterned colony growth after transfer printing onto PLL 

coated slides, B) zoomed-in view of the bacteria. (There was no CdCl2 

in solution) 

(A) 
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Figure 2: SEM image of solution 

deposited and sintered CdS 

nanoparticles. 

Figure 4: XRD diffraction spectra A) before and B) after heat 

treatment. Insert: Example of FCC cubic structure.7 
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Figure 5: A-C) 

TEM images of 

the CdS NPs 

precipitated 

from E. coli.  

D) An electron 

diffraction 

image of NPs 

shown in A). 

Figure 6: EDS Spectrum of particles shown in Figure 5A. 
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