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Abstract 

 Nanotechnology is an emerging field of research that has been widely applied in 

different fundamental science and engineering areas. An example of a nano-based device is 

the atomic force microscope, which is a widely used surface scanning apparatus capable of 

reconstructing at a nanometric scale resolution the 3D morphology of a wide variety of 

samples. Therefore, due to its versatility, sensitivity and unique capability to reveal the 

nanoscale structure of the samples, atomic force microscopy (AFM) produced, in the last 

years, a vast increase of reports of its use to determine the topography, electric properties, 

nanomechanics and even nanomanipulations of various samples in the fields of materials 

science, chemistry, physics, biology, microbiology, medicine, engineering, food products, 

forensic, etc. 

 

Introduction 

 The development of new nanomaterials with a vast variety of applications in our day-

life leaded to the need of use of new techniques for the structural and physico-chemical 

characterization. One of the advanced methods of investigation is the atomic force 

microscopy (AFM), which uses a microscope that was obtained after the extended of the 

research in the area of scanning tunneling microscopes for investigation of electrically non-

conductive materials, such as proteins, DNA, etc. Binnig and Quate reported in 1986 the first 

invented AFM which used a very small probe-tip at the end of a cantilever (Binnig et al., 

1986) and in 1989 was available the first commercial AFM. The general components of AFM 

are the following: 

- laser: for an excellent spatial resolution and a high resolution over the photodiodes 

detector; 
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-  photodiodes: for high sensitivity and detection in two dimensions (measures the 

deflection of the cantilever); 

- feedback loop (controls z-sample position); 

- cantilever (spring which deflects as probe tip scans the sample surface); 

- probe tip (senses surface properties and causes the deflection of the cantilever); 

- piezoelectric scanner (positions the sample (x, y, z) with high accuracy); 

- computer (controls the system and performs the data acquisition, display and 

analysis). 

AFM can image the surface topography with high magnifications, up to 1.000.000x, 

comparable with electronic microscopes, and in three dimensions, z-direction being usually 

higher than the horizontal x, y-plane. 

Performing a data search in Web of Knowledge we found approximately 104.200 publications 

that reported research that used information obtained by using AFM, from which 85.600 were 

scientific articles from diverse areas of fundamental research and applied technologies such 

as: materials science 34.000; films (thin films, alloys) 25.600; chemistry 30.000; polymer 

science 7.700; composites 3.500; 2.600 cells and their functionality, dentins 157, etc. AFM 

imaging is a common technique (Barth et al., 2011; Ando, 2012) used for determination of 

carbon nanotubes (Baer et al., 2010; Rao et al., 2013; Tessmer et al., 2013), composites 

(Wang et al., 2013; Zhang et al., 2013), wood pulp and paper properties (Maximova et al., 

2001; Koljonen et al., 2004; Maximova et al., 2004; Chhabra et al., 2005; Hou et al., 2006; 

Knutson et al., 2007; Ahola et al., 2008; Deng et al., 2008; Fatehi and Xiao, 2008; Wan et al., 

2010; Wang et al., 2010; Gilli et al., 2012; Leitner et al., 2013; Miao and Hamad, 2013), 

biological samples and their mechanisms (Hoffmann and Dougan, 2012; Kalle and Strappe, 

2012; Dufrene et al., 2013; Han et al., 2013; Miron-Mendoza et al., 2013; Singh, 2013) 

chemistry (Barth, et al., 2011; An et al., 2012), etc. For example AFM methods were use for 

imaging and measurements of DNA related research (Kalle and Strappe, 2012). A current 

challenge in the life was to reveal and to understand how biological systems change their 

structural, biophysical and chemical properties to adjust functionality. Addressing this issue 

has been severely hampered by the lack of methods capable of imaging biosystems at high 

resolution while simultaneously mapping their multiple properties. The recent developments 

in force-distance (FD) curve–based atomic force microscopy (AFM) enabled researchers to 

combine (sub) molecular imaging with quantitative mapping of physical, chemical and 

biological interactions.  

 



Material and methods 

An AFM device, namely NTEGRA Probe NanoLaboratory (NT-MDT, Moscow, 

Russia), equipped with an M Plan Apo 100x magnification objective that has the numerical 

aperture of 0.70 (Mitutoyo, Kawasaki, Japan) and a RPC-TVPCI camera which helps to 

locate the sample position were used. Software Nova_1644 for manipulating and analyzing 

the recorded data was employed. For storing the optical information a CCD camera was 

utilized. The samples were added to two-sided tape on sapphire support and the measurements 

were carried out under ambient conditions (temperature: 22 ± 1 ºC, relative humidity: 40 ± 

10). Noncontact ‘Golden’ silicon cantilevers (NSG30 from NT-MDT, Moscow, Russia) with 

a resonance frequency of 320 ± 80 kHz, were used. All samples were measured in 

semicontact mode (“tapping” mode) to determine the topography images. Different surface 

areas of the samples have been investigated, as are mentioned in the figures. 

 

Results and discussion 

 Atomic force microscope equipped with confocal Raman spectroscope is currently 

used in Institute of Technical and Natural Sciences Research-Development-Innovation of 

“Aurel Vlaicu” University from Arad, Romania (Figure 1). We performed imaging and 

measurements for a wide variety of samples such as composites (Popa et al., 2013), plant bast 

fibers (Figure 2 a, b), paper sheets (Figure 2 c, d), plants. 

 

 

 

Figure 1. Atomic Force Microscope coupled with confocal Raman spectroscope used at 

ICDISTN of “Aurel Vlaicu” University. 



a) b)  

c)  d)  
Figure 2. AFM images of the following samples:flax fiber a) 2D, b) 3D, 

 paper sheet c) 2D, d) 3D. 

 

a)  b)  

c)  d)  

e)  f)  
Figure 3. AFM images of petals of flowers: purple petal of Hibiscus syriacus: a) 2D, b) 3D; 

red petal of an Hawaiian Hibiscus: c) 2D, d) 3D; and protuberances from the edge of a petal 

of Phalaenopsis amabilis (Moth Orchid): e) 2D, f) 3D. 
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