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Unit-III Characterization techniques: 
 

Characterization techniques Characterization of Nano material; Absorption, Fluorescence, and 

Resonance; Microscopy measurements: SEM, TEM, AFM and STM. Confocal and TIRF imaging. 

 
 

Characterization of Nanomaterials: 
 

Nanomaterial   characterization is   a   cornerstone   of   the   development   and   adoption   of 

nanotechnology.  ...  While  techniques  are  grouped  according  to  their  primary  purpose  (physical, 

chemical,      or      behavioral characterization),      there      can      be      substantial      overlap      in 

these characterization areas. 

 

The characterization     of     nanoparticles is     a     branch     of nanometrology that     deals     with 

the characterization,  or  measurement,  of  the  physical  and  chemical  properties  of nanoparticles. 

Nanoparticles measure less than 100 nanometers in at least one of their external dimensions, and are 

often engineered for their unique properties. Nanoparticles are unlike conventional chemicals in that 

their chemical composition and concentration are not sufficient metrics for a complete description, because 

they vary in other physical properties such as size, shape, surface properties, crystallinity, and dispersion 

state. 

 

Nanoparticles are characterized for various purposes, including nanotoxicology studies and exposure 

assessment in workplaces to assess their health and safety hazards, as well as manufacturing process 

control.    There    is     a     wide    range    of     instrumentation    to     measure    these    properties, 

including microscopy and spectroscopy methods       as       well       as particle       counters. Metrology 

standards and reference materials for nanotechnology, while still a new discipline, are available from 

many organizations. 

 
 
 

Fluorescence-based detection is the most common method utilized in biosensing because of its high 

sensitivity, simplicity,  and   diversity.  In   the   era   of   nanotechnology, nanomaterials are starting to 

replace traditional organic dyes as detection labels because they offer superior optical properties, such 

as brighter fluorescence, wider selections of excitation and emission wavelengths, higher photostability, 

etc. Their size- or shape-controllable optical characteristics also facilitate the selection of diverse probes 

for higher assay throughput. Furthermore, the nanostructure can provide a solid support for sensing assays 



with multiple probe molecules attached to each nanostructure, simplifying assay design and increasing the 

labeling  ratio  for  higher  sensitivity.  The  current   review      summarizes   the      applications   

ofnanomaterials—  including    quantum    dots,    metal    nanoparticles,  and    silica  nanoparticles—

in biosensing using detection techniques such as  fluorescence,  fluorescence  resonance  energy  transfer 

(FRET), fluorescence lifetime measurement, and multiphoton microscopy. The advantages nanomaterials 

bring to the field of biosensing are discussed. The review also points out the importance of analytical 

separations in the preparation of nanomaterials with fine optical and physical properties for biosensing. 

In conclusion, nanotechnology provides a  great opportunity to analytical chemists to  develop better 

sensing  strategies,  but  also  relies  on  modern  analytical  techniques  to  pave  its  way  to  practical 

applications. 

 

Sensitive detection of target analytes present at trace levels in biological samples often requires the 

labeling of reporter molecules with fluorescent dyes, because fluorescence detection is by far the 

dominant detection method in the field of sensing technology, due to its simplicity, the convenience of 

transducing the optical signal, the avail- ability of organic dyes with diverse spectral properties, and the 

rapid advances made in optical imaging. However, it can be difficult to obtain a low detection limit 

in fluo- rescence detection due to the limited extinction coefficients or  quantum  yields  of  organic 

dyes  and  the  low  dye-to- reporter molecule labeling ratio. The recent explosion of nanotechnology, 

leading  to  the  development of  materials  with  submicron-sized dimensions  and  unique  optical 

properties, has opened up new horizons for fluorescence detection. Nanomaterials can be made from 

both inorganic and organic materials and are less than 100 nm in length 

 

 
along at least one dimension. This small size scale leads to large surface areas and unique size-related 

optical proper- ties.  For  example, the  quantum confinement effects that occur in  nanometer-sized 

semiconductors widen their band gap  and  generate well-defined energy levels  at  the  band edges, 

causing a blueshift in the threshold absorption wavelength with decreasing particle size and inducing 

luminescence that  is  strictly  correlated  to  particle  size. Therefore, the position of the absorption as 

well  as  the  luminescence peaks  can  be  fine-tuned  by  controlling the  particle  size  and  the  size 

distribution during  synthesis, generating  a    large  group  of  “fluorophores”  with  diverse optical 

properties. Another example is the collective oscillation of free electrons on the surfaces of noble 

metal particles when their sizes drop below the electron mean free path, which gives rise to intense 

absorption in the visible to near-UV region as well as a significant enhancement of the luminescence of 

the fluorophore nearby. On the other hand, they can be conjugated to the reporter molecules as optical 

tags,  like  organic dyes,  due  to  their  ultrafine physical  sizes.  Hence,  this  review  focuses  on  the 

applications of  nano- materials, including semiconductor nanocrystals, noble metal  nanoparticles, 

silica nanoparticles, and carbon nano- tubes, in the field of fluorescence-based sensing.



 

Nanoparticles can be synthesized using a variety of methods including physical, chemical, 

biological, and hybrid techniques (Figure 1) [8–10]. The production of nanoparticles through 

conventional   physical   and   chemical   methods   results   in   toxic   byproducts   that   are 

environmental hazards. 

 

There are two common methods for producing the evanescent wave for TIRFM. One 

configuration uses a prism to direct laser light toward the interface between the coverglass 

and media/cells at an incident angle sufficient to cause total internal reflection. Although the 

majority of prism based TIRF microscope designs are centered on inverted microscope bases, 

upright microscopes can also be used (for review, see (Axelrod, 2001)). The prism based 

configuration has been applied to cellular microscopy for nearly 30 years (Axelrod, 1981). 

The use of TIRF in cellular microscopy increased once an objective-based TIRF (or prismless 

TIRF; Fig 3A) system was introduced to the scientific community (Stout and Axelrod, 1989) 

and increased even more once a commercial solution became available (Kawano et al., 2000). 

In objective-based TIRFM, one can easily switch between standard epifluorescence and TIRF 

by changing the off-axis position of the beam focus at the objective’s back focal plane. 

Several ways have been developed to change the position of the beam. For example, an actuator 

can be used to change the position of a fiber carry the laser light in relation to a fluorescence 

illuminator that attaches to the microscope (Fig 3A). The following lists the basic 

characteristics of these two different methods for performing TIRFM. 

 
 
 

Confo c al -T IR F- A FM 
 

For biological research we have a number of AFMs integrated with optical microscopes to be 

able to use both techniques simultaneously. This is a useful combination as the techniques 

give different information on the sample. The AFM can be used for high resolution images of 

surfaces as well as for mechanical characterization or manipulation of samples while optical 

microscopy  can  be  used  for  3  dimensional  tomography  or  to  follow  expression  and 

distribution of fluorescently tagged proteins in cells. Like all other commercial AFMs these 

systems can optionally be used with temperature control, fluid exchange and magnetic tip 

activation. Please note that the confocal AFM systems can be booked for commercial and 

academic use.



 
 
 

 

Figure   1: Combined Asylum   Research MFP-3D   AFM   and   Nikon   Ti/E   fluorescence 

microscope.  The Nikon microscope  is  equiped  with  a  confocal  scanhead  (A1R,  resonant 

scanner, spectral detector, VAAS, 4 lasers with 7 lines) on the left and an Andor EMCCD 

camera on the right and with lenses ranging from 10x/0.3 to 60x/1.49. This microscope is 

also capable of TIRF microscopy and has a PerfectFocus unit for maintaining focus over long 

time periods. Currently this is the only instrument in Ireland to combine Confocal and TIRF 

microscopy with AFM. 

 
 
 
 

 
Figure 2: Combined JPK Nanowizard II AFM and Nikon Ti/E epi-fluorescence microscope. 

The microscope is also capable of phase contrast and polarized light microscopy as well as 

differential  interference  contrast  (DIC).  It  is  equiped  with  a  sensitive  Hamamatsu  CCD 

camera and lenses ranging from 10x/0.3 to 60x/0.6. 

 

 

Confo c al Mi cro sc op y 
 

 
 
 

Fluorescence uses the fact that some molecules absorb light of a specific colour and 

subsequently emit light shifted to the red side in the spectrum. The emitted light can than be 

efficiently separated from the excitation light, allowing optical imaging with low background 

and a high signal to noise ratio. 

 

 

TIRF (Total Internal Reflection Fluorescence Microscopy) is a technique that enables well 

defined fluorescence images near a surface. Because of a difference in refractive index, light 

will be reflected at the interface if the incident angle is large enough. There will however be a 

thin layer above the interface where the lightwaves decay to zero. This can excite fluorescent 

dyes and thus can be used to image this layer without exciting any molecules further away from 

the interface.



Confocal microscopy is another technique that enables better defined fluorescence images by 

focusing the excitation light to a diffraction limited spot and using a pinhole to block all emitted 

light that does not originate at the focus point, as depicted on the left where the green light is 

mostly blocked while all orange light passes through the pinhole. By scanning the focal spot 

through the sample a high resolution 3 dimensional image can be built up. 


