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The functionality of biomaterials is providing some advantages which enable it for 

targeted application these advantages are limited by the available techniques which is 

a topic of research to continue in the establishment of spectroscopic tools for 

investigation to follow up the changes in this critical and vital field of research. 

Biomaterials and biological Molecules investigation needs certain care according to 

their sensitive role in one hand and low detection limits on the other hand. Many 

spectroscopic tools are already introduced including Raman technique, fluorescence 

as well as techniques based on single molecule detection. 

The introduced techniques depending on conventional spectroscopic methods also it 

depends on imaging.  

Biomaterials are achieved after blending and/or introduction of matrix include part or 

full metal oxides nano materials in order to facilitate the process of functionalization 

based on the desired applications.  
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1- Classifications and general introduction of biomaterials  

Biopolymers are class of polymers which originated by living organisms; it could be 

also defined as the polymeric biomolecules. According to the nature of monomer 

constituting it, biopolymers could be classified into three main classes namely: The 

first class: Polynucleotides includes RNA as well as DNA, that are structures based on 

more or less 13 monomers; The second class is termed  Polypeptides, formed from 

amino acids specially those of short structures; and finally, the third class: 

Polysaccharides, which are often of carbohydrate family [1].  

In this state of art two classes of biopolymer will be under spot namely: Polypeptides 

such as the natural protein gelatin and Polysaccharides such as chitosan, cellulose and 

starch.  Each one of the studied biopolymers will be discussed then their possible 

composites will be also discussed. 

1-1. Biopolymers 

Development of new active materials is a worldwide challenge, especially for those 

materials originate from natural biopolymers such as cellulose and its derivatives, 

chitosan as well as their derivatives, and starch. These materials are widely used in 

industrial applications including foodstuffs such as edible films, packaging and 

coating which require materials with biodegrade during the storage with controlled 

conditions in order to relieve the growing materials waste problem [2]. In this sense, 

chitosan and its derivatives could be considered among the most important materials 

according to its film-forming material and antimicrobial activity [3].Chitosan could be 

described as a copolymer consists of pyranose ring of N-acetyl-D-glucosamine 

(GlcNAc) and Nglucosamine (GluN) linked with a glycosidic linkage. It could be 

chemically derived from the deacetylation of chitin by a well-known chemical 

approach [4]. Chitosan is dedicated for many applications according to its 

biocompatibility, biodegradability and non-toxicity [5]. Among such applications 

food packaging, agricultural applications, also could be widely applied in biomedical 

and cosmetics domains while it is considered as promising too in drug delivery 

systems [6, 7].  

https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Biomolecule
https://en.wikipedia.org/wiki/Polynucleotide
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Monomers
https://en.wikipedia.org/wiki/Polypeptides
https://en.wikipedia.org/wiki/Polysaccharides
https://en.wikipedia.org/wiki/Polypeptides
https://en.wikipedia.org/wiki/Polysaccharides
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Chitosan films could be further improved in order to enhance its ability and 

applications as antimicrobial, antioxidant and/or mechanical properties, these 

improvements could be achieved with adding some active compounds. Practically, 

these modifications by addition may be carried out by chemical, physical and 

enzymatic approaches [8]. 

Another biopolymer which is subjected to extensive work according to its enormous 

application is cellulose. Cellulose is considered as the most abundant telluric material. 

It is renewable, inexpensive, it has very simple origin, which enable scientist to 

extract it from cell wall of plant tissues, it is synthesized by the tunicates and 

microorganisms. On an average, around 700 billion tons of cellulose is produced 

every year. As discussed before for chitosan, cellulose manifests good 

biocompatibility, biodegradability and low toxicity, and hence is one of the promising 

substituents for petroleum materials [9-11]. According to cellulose insolubility in 

most common polar and non-polar solvents, there are limitations in its use as crude 

materials. Chemically it is considered as a composed of β-1–4- linked D-

glucopyranosyl units. There is strong inter and intra molecular hydrogen bonds 

between its chains stabilizing its chemical structure which in turn gives some 

advantages to cellulose chain molecular structure [12].  

In spite of solubility problem some solvents show also the advantage of treatment of 

cellulose to be able for some kind of chemical functionality. Including for example 

cuoxam, cadoxen, cuen, ammonium, calcium and sodium thiocyanate, lithium 

chloride/1, 3-dimethyl-2-imidazolidinone (LiCl/DMI), lithium chloride/N, N-

dimethylacetamide N-methyl morpholine N-oxide (NMMO), ammonia/ammonium 

salt and phosphoric acid are proven to be effective for solubilizing and molding 

cellulose to tailored modification [13].  Cellulose as well as its derivatives could 

produce composites with unique properties and hence applications. Consequently, this 

generates new composites and/or cellulose derivative, which are termed as ACCs 

[14]. Starch which is the third member of polysaccharides, it could be chemically 

described as a structure which with two components namely amylose and 

amylopectin. It has been reported earlier that, the high-amylose starch could be 

described as intermediate state which has branched structures connected with branch-
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chains that is longer than amylopectin with molecular weights smaller than that of 

amylopectin but considered as similar as the structure of amylase [15]. 

Starch could be also described in other way of description whereas it is used 

individually or with other member of polysaccharide family specially in food system 

for many applications not limited to controlling the moisture content as well as water 

mobility then it could also providing proper texture, these could be further enhances 

the quality of the product, the stability and finally produce so called cost effective 

product through controlling and/or even minimizing the production cost [16].  

Gelatin is another class of biopolymer but it is belonging to natural proteins. It could 

be defined as a type of protein which is obtained from the process of denaturation of 

collagen. Collagen is considered as the main structural protein in different human 

body systems. As stated for the studied polysaccharides, gelatin is also considered as 

biocompatible, biodegradable, non-toxic and non-antigenic material [17]. There many 

reports about improving the mechanical and biological properties by producing it in 

the form of nanofibers [18-19]. It is stated that, the mechanical properties of 

nanofibers of gelatin-based materials, is considered among the most important 

material applied in the field of tissue engineering, it is found to be important but still 

not very promising according to some limitations and the technique of preparation 

makes it still of limited properties and still a point of hot topic of research. Hence, the 

possible applications of biopolymers as individual molecules are nowadays limited 

because the growing demands in the field of material science require continuous 

enhancements in materials with special properties. This enhances in a rapid way the 

blending (composite) of biopolymers with each other in one hand and with other 

materials in the other hand. 

1-2. Biopolymers composites 

1-2-1. Chitosan/Cellulose 

Extensive scientific as well technical efforts have been taken for the development of 

new materials. Among the most interesting new materials the sustainable  composite  

materials  for  different applications  according  to  its  biodegradability as well as low 

or even no carbon  dioxide  release [20]. As indicated earlier chitosan films are 
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limited according to insufficient mechanical properties.  Functionality could be 

solving this problem; it may be carried out   by reinforcement of nano size cellulose 

[21]. It is stated that, cellulose  is widely  used   with chitosan  to  produce  composite  

materials    active as   antibacterial agents  [22] ,  metal  ions  adsorption  [23], odour  

treatment  properties  [24], improved  water  absorption  capacity  and  mechanical  

characteristics  [25],  good  antistatic  and  moisture  absorption properties  [26],  high  

porosity  and  interconnected porous  [27],  self-healing  characteristics  [28],  etc.  In  

order  to  attain comprehensive  improvement  in  electrical,  physical,  mechanical 

and  thermal  characteristics  of  chitosan-cellulose  blend  materials tertiary  

component  usually  incorporate  with  it  [29]. It could be concluded that, both 

cellulose and chitosan are promising materials with promising characteristics for 

composite materials. It is stated from many reports that,  biopolymer  based  materials  

have  relatively  poor mechanical,  thermal  and  barrier  properties.  Adding 

polymers/nanomaterials are significantly enhancing the properties of the resulted 

composites.  So that, chitosan/nanocellulose composites are now dedicated for many 

applications according to their new and unique properties. 

Such mixing is well known with blending; nowadays it is sophisticated according to 

the existence of many techniques such as electrospinning, casting and sol-gel method.  

Despite,  extensive  research  in  the  field  of  chitosan  based  cellulose/nanocellulose 

composites  their  commercial  applicability  is  still  limited  this  might be  due  to  

their  uneconomical  production  procedure  and  poor  properties  as  compared  to  

synthetic  counter  parts.  Future  studies  should be  focused  on  their  economical  

production  with  synthetic  materials like  properties [30]. 

1-2-2. Chitosan/Starch 

Although the chitosan films are poor, the situation in case of starch-based  films  are  

different according to excellent  oxygen  barrier  properties,  as compared  with  

commercial  ethylene  vinyl  alcohol  film [31]. Starch has been used to produce 

biodegradable films to partially or entirely replace plastic polymers because of its low 

cost and renewability. However, wide application of starch film is limited by its water 

solubility and brittleness [32]. 
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There are many investigation pointed out that, the starch/ chitosan biofilms are widely 

applied  [33-34]. Since chitosan films are fragile and require plasticizers to reduce the 

frictional forces between the polymer chains to improve mechanical properties and 

flexibility, addition of polyols such as glycerol may reduce this drawback. 

Most works related to the production of biodegradable films based on starch and 

chitosan are obtained [35]. In most of these studies, starch is pre-gelatinized prior to 

chitosan addition and pouring into a mold. Such methods are not adequate to large-

scale production of films, therefore limiting their industrial application. On the other 

hand, processing of starch–chitosan by methods such as extrusion and injection 

molding has been relatively neglected. 

1-2-3. Chitosan/Gelatin 

Gelatin exhibits poor mechanical properties [36] and is dissolved quickly in aqueous 

solutions, which is a drawback for its use as biomaterial. In the last years, several 

works showed that the mechanical properties and stability of gelatin may be improved 

using crosslinkers or blending with other polymers [37]. Moreover chitosan and 

gelatin used together improve the mechanical properties of the scaffolds prepared in 

comparison with those from single components [38]. 

Chitosan/gelatin scaffolds were obtained by ice segregation induced self-assembly 

(ISISA), a versatile, inexpensive technique and environmentally friendly used for the 

fabrication of porous scaffolds with different sizes, compositions and shapes. ISISA is 

a cryogenic process based on the unidirectional freezing of a hydrogel, aqueous 

suspensions or solutions into liquid nitrogen bath (−196 °C) at constant rate and 

subsequent freeze-drying. Ice crystals grow parallel to the freezing direction and 

solute particles dispersed in aqueous solutions are exuded to the boundaries between 

adjacent crystals of ice. After freeze-drying the ice is removed producing porous 

materials in which a porous network is generated corresponding to the empty areas 

where ice crystals were initially formed [39-40]. 

It is stated that, chitosan derivatives are of great concern for many applications. For 

example, carboxymethyl chitosan, gelatin and nano-hydroxyapatite based injectable 

gel for bone tissue engineering application [41]. Zhou et al. have demonstrated the 
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synthesis and characterization of silver nanoparticles, gelatin and carboxymethyl 

chitosan hydrogel based antibacterial hydrogels [42]. It is demonstrated that, the 

influence of carboxymethyl-chitosan and gelatin based hydrogel on cutaneous wound 

healing [43]. 

 

2. Theoretical and molecular modeling approaches 

Molecular modeling is a theoretical approach whereas chemists are applying the laws 

of physics to understand the chemical structures. Based upon the laws of physics there 

are two approaches based on the classical and modern physics. Molecular mechanics 

based upon the classical physics, electronic structure methods based on quantum 

mechanics. In the sense of electronic structure methods, the model is an 

approximation to solve Schrödinger wave equations [44]. This type of modeling could 

calculate the optimization structure, thermochemical parameters, IR, Raman, NMR as 

well as many important chemical and physical parameters. Molecular modeling could 

be useful tool for studying biopolymers as well as their composites. 

Regarding the dependence of this computation on Schrödinger equation and the 

existence of electronic effects this class of computations shows several 

approximations. In this sense the model could be redefined as an approximation to 

solve Schrodinger equation. Based upon this consideration electronic structure 

method has three classes. 

1- Semi-empirical method,  

2- Ab initio methods, 

3- Density functional theory methods. 

It is stated that both class of computations are mainly applied to explore materials 

[45]. Semiemperical quantum mechanical methods as well as ab initio models were 

utilized together with FTIR spectroscopy for the analyses of both structure and 

vibrational spectra of glucose and fructose [46]. Molecular modeling was also 

supporting FTIR to study the interaction between chitosan and Hydroxyapatite [47]. 

In this work a model is presented for the interaction with electronic properties which 

is fulfilled later on to improve the model and dedicate this composite as bone 

replacement [48].Again modeling is supporting spectroscopic tools to investigate the 
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electronic properties of some biopolymers and their blends [35] then nano biosensor is 

designed to act as bio sensor for amino acids. 

Both chitosan and cellulose were subjected to extensive investigation to correlate their 

activity with their structural and vibrational characteristics with different level of 

theories and FTIR spectroscopy [49]. Extensive molecular modeling work is carried 

out to estimate the amino acids which constitute gelatin. The modeling was supported 

with deconvoluated FTIR spectra to understand the structure of gelatin [50]. Chitosan 

could interact with amino acids, the active sites for interactions also indicated in terms 

molecular modeling study [51]. Further interaction between chitosan and protein is 

followed with molecular modeling work [52]. So that, a model for chitosan in nano 

scale and αB-Crystallin protein is presented. Chitosan dimmer is proved with 

molecular modeling to act as HIV-1 Protease Inhibitors. The surface is modified with 

two hydrogen bonding sites to act as inhibitor [53]. 

Based upon the above considerations, some spectroscopic efforts including recent 

techniques are needed to manipulate biomaterials. There are many tools of 

spectroscopy dealing with the detection of biomaterials. Some of them are traditional 

such as UV-Vis, FTIR, FT-Raman. For better detection and manipulation there are 

more sophisticated techniques for detection of biomaterials including SERS; FRET; 

PET, FCS and FCCS. 

  

3.  Surface-Enhancement Raman Scattering  Spectroscopy (SERS). 

Raman scattering from a surface of metals is described as enhanced signal as 

compared to those signals from solutions for example. It is know well known that, 

metal surface could enhance the Raman signal with 10
3 

-10
6
 X greater than in 

solution.  

This was the idea whereas surface-enhancement Raman scattering is built on, if 

divalent metals specially silver, but is observable on gold and copper as well. At 

practical excitation wavelengths, enhancement on other metals is unimportant [54-

55].   Surface Enhanced Raman Spectroscopy which is termed as SERS technique 

could be physically defined as a Raman technique that provides greatly enhanced 

Raman signal from a surface, this surface could be described as Raman-active analyte 

molecules. This surface could be good substrate for biological or biomaterials to be 
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adsorbed onto. Simply for biological system in the form of solution no Raman signal 

is expected, so that inserting solution of silver in the form of collide could be an 

active surface in which the biological molecules are adsorbed and then the signal 

coming from the surface with the details of the biological system on it. 

Physically, this process of inserting metal surface-silver- is increasing the intensity of 

Raman signal on the order of 10
4
-10

6
, and could be in some recent techniques 

increased as high as 10
8
 and 10

14
 for some biological and substrate systems [56-57].  

The importance of SERS technique is its surface selectivity and highly sensitivity as 

compared with conventional Raman techniques.  

Raman which is ineffective for conventional surface studies because the photons of 

the incident laser light simply propagate through the bulk and the signal from the bulk 

overwhelms any Raman signal from the analytes at the surface. By the means of 

SERS technique with unique silver substrate properties especially in nano scale (in the 

order of 20-60 nm) selectivity of surface signal results from the presence of surface 

enhancement (SE) mechanisms only at the surface of silver, gold and also copper. 

Thus, the surface signal overwhelms the bulk signal, making bulk subtraction 

unnecessary.  

If we are going to describe the mechanisms of enhancement, there are many 

literatures treating or dealing with is issue. The most common mechanisms for 

enhancements of the signal could be classified into two main mechanisms, the first 

one is known as the electromagnetic and the second one is chemical enhancement. 

While in some cases both mechanisms could be responsible for the enhancement 

process.   

The first one which is the electromagnetic effect is dominant, while the chemical 

effect is contributing in the process of enhancement by order or two of magnitude 

[58].  The electromagnetic enhancement which is termed as EME,  is depending 

mainly on the existence  of the metal surface with features of so called surface’s 

roughness, on the other hand,  chemical enhancement which is termed CE depending 

on the changes of the adsorbate electronic states according to the process of 

chemisorption of the analyte [59]. Then, both the structural and the molecular 
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identification power of the Raman Signal is used for huge numbers of interfacial 

systems, including electrochemical, this in turn is very important for biological 

systems including of course biomaterials specially materials biological molecules 

and/or macromolecules implemented in the biological systems for certain biological 

functions, which do very important functions including catalytic, in-situ and ambient 

analyses and other adsorbate-surface interactions [60-62]. According to the sensitivity 

of SERS, detection of compounds of low concentrations even at low or trace levels 

could be accomplished, as well [56].  

If someone is going to summarize the process it could be recalled that, the SERS 

technique is observed primarily for analytes (which is a biological molecule doing 

certain biological functions) adsorbed onto the surface of divalent metals Au, Ag, Cu. 

Some researchers also tried the phenomena upon some alkali metal surface including 

Li, Na, K, in such cases some changes in laser system took place so that, the 

excitation wavelength could be near and/or in the visible region [63].  

Based upon these findings, one can conclude that, theoretically any metal even 

divalent or monovalent able of exhibiting Raman Signal Enhancement, but the 

coinage and alkali metals satisfy calculable requirements and provide the strongest 

enhancement. Some researchers try to apply another metals such as Pd or Pt they 

found that these meats exhibit enhancements of about 10
2
-10

3
 for excitation in the 

near ultraviolet region [57]. It could be also pointed out that, the SERS technique is 

very important technique with surface selectivity and sensitivity which could be 

extends Raman Signal utility to a wide variety of interfacial systems which were not 

previously possible according to absence of surface sensitive agent. This paves the 

way toward studying systems and molecules including the process in-situ and ambient 

analysis of electrochemical, catalytic, biological systems and molecules [62-63].  

Some researcher's point their research's out toward studying alternative surface 

techniques, also they try to optimize their work in order to dedicate another 

enhancement to improve the technique especially for macromolecules and molecules 

of biological functions with different spectral range to cover different applications 

with extensive care toward biological molecules [64]. The metal surface can be 

roughened using one of several methods. The roughness features are on the order of 

tens of nanometers; small, compared to the wavelength of the incident excitation 
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radiation [60-63]. The small size of the particles allows the excitation of the metal 

particle’s surface plasmon to be localized on the particle. The resultant 

electromagnetic energy density on the particle is the source of the EME mechanism 

and the primary contributor to the enhancement observed in SERS.  As mentioned 

earlier, Surface Enhanced Raman Scattering (SERS) arises from two mechanisms.  

The first is an enhanced electromagnetic field produced at the surface of the metal. 

When the wavelength of the incident light is close to the plasma wavelength of the 

metal, conduction electrons in the metal surface are excited into an extended surface 

electronic excited state called a surface plasmon resonance. Molecules adsorbed or in 

close proximity to the surface experience an exceptionally large electromagnetic field. 

Vibrational modes normal to the surface are most strongly enhanced. The second 

mode of enhancement is by the formation of a charge-transfer complex between the 

surface and analyte molecule. 

Many systems of concern are depending on the fact that they are rich in so called 

electron transfer or electronic transitions according to their nature of charge transfer 

complexes are in the visible, so that resonance enhancement occurs.  They are also 

characterized by lone pair electrons or pi clouds show the strongest SERS, this was 

discovered in case of pyridine for the first time. Other aromatic nitrogen or oxygen 

containing compounds, such as aromatic amines or phenols, are strongly SERS active 

[65], but can be as high as 600 nm for larger ellipsoidal silver particles. The plasma 

wavelength is to the red of 650 nm for copper and gold [66], the other two metals 

which show SERS at wavelengths in the 350-1000 nm region. The best morphology 

for surface plasmon resonance excitation is a small (<100 nm) particle or an 

atomically rough surface. SERS can be also used for studying monolayers of 

materials adsorbed on metals, including electrodes. Many formats could be used 

rather than electrodes could be used. The most popular include colloids, metal films 

on dielectric substrates and, arrays of metal particles bound to metal or dielectric 

colloids through short linkages. Although SERS allows easy observation of Raman 

spectra from solution concentrations in the micromolar (1X10
-6

) range, slow 

adsorption kinetics and competitive adsorption limit its application in analytical 

chemistry. 
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4- Single molecule spectroscopy (SMS) 

Biological molecules even those described as macromolecules always exist in very 

low concentrations. Sometimes and/or always they as found as low as single 

molecule. Investigation of the fate and behavior of these classes of molecules paves 

the way toward new efforts in the field of spectroscopy which so-called single 

molecule detection, which is well known branch of spectroscopy of recent 

applications, called single molecules spectroscopy. 

Single molecule spectroscopy (SMS) was born in 1976; the first paper published in 

single molecule was in April 1976 by T. Hirschfeld [67-68]. From that time the single 

molecule investigation was oriented only on the soft matter, but the attempts to do 

single molecule spectroscopy on condensed matter did not stop till it faced great 

success in 1989 on the hand of the American scientist William Esco Moerner, he 

continue developing the technique till he awarded Nobel Prize in chemistry at 2014 

for his single molecule technique. From its beginning up to the present moment SMS 

built upon Fluorescence methods, there are some trials to do SMS upon other 

spectroscopic techniques like single molecule Raman spectroscopy but it is still 

creeping, so we have to show some facts about fluorescence to understand the coming 

SMS methods. 

The detection limit of SMS went down to fractions of atto Moles (x.x× 10
-24

 moles) 

this amount of molecules is equivalent to the reciprocal of Avogadro's No. this means 

that the single molecule under investigation will be surrounded with billions of buffer 

molecules in this case one should depend on a good laser source in the excitation to 

excite only the molecule under study not the host molecules also, this also guarantee a 

very high signal to noise ratio (S/N). 

Before going on explaining and showing the SM methods, is it necessary to do all 

these efforts? We can ask the question with other words, why SM spectroscopy is 

important even critical in some cases in the modern biology, chemistry, and even 

physics investigations? 

The answer is that all the spectroscopic tools before SM methods averaging the total 

ensemble events, which makes the detection of non-synchronized and heterogeneous 

events impossible. Moreover when combine single molecule with the high time 

resolution one could follow the biological time dependent changes and interactions, 
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SM spectroscopy became the best tool if nano-structures are the point of 

investigations. 

4-1. Early investigation of SMS 

The early-investigated research in this topic was conducted at low temperature. 

Through the first SM investigations on (pentacene-doped -p-terphenyl) at 274.5 
o
C a 

shift was recorded in the resonance frequency [69-70] at that time it is called as 

spectral-diffusion which meant in this situation alterations in the center-frequency of 

fluorescent molecule. The coupling between the probe and the host molecules 

influence the frequency of the electronic transition according to the electronic 

structure changes due to this coupling, this phenomenon has been observed by 

Moerner and his colleague Ambrose. Now if the illuminating laser kept close to the 

absorption wavelength, a shift appears as the fluorescent molecule blinks on and off 

as if it is oscillate between two states one is in resonance with the excitation laser and 

the other is in out of resonance state. The resulting time traces was explained as the P-

terphenyl molecules lies in an interface between the magnetic domains of the lattice 

cracks. This was an important step in the way of the SM spectroscopy clear the strong 

of it and sense changes on the nano-scales. During their SM investigation on the poly-

ethylene impure with perylene using the spectral shift method Moerner and Thomas 

Basché discovered what is called "single molecule hole burning". They have found 

that by increasing the laser intensity of the spectral shift increased, moreover they 

have applied the Poisson kinetics statistical model they were able to modify the 

method to a very powerful tool to do super resolution imaging [71-73]. 

4-2. Single molecule spectroscopy at room temperature 

Consequence after the studies on the low temperature SM spectroscopy the scientists 

did not stop trying to reach the room temperature level a brief history is elucidated in 

the chart in figure 1. The development starts by efforts of Magde, Ellison and others 

they setup the fluorescence-correlation spectroscopy (FCS) tool [74-75], a lot of work 

on FCS have been done immediately after they publish their work [76-78].  FCS 

depends on the passage of the molecule in the laser focal volume. Using advanced 

electronics and complicated software a co-relation between the burst and the previous 

one should be done, this co-relation give the opportunity to follow various molecular 

dynamics. 
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The time scales reaches that time to few milli seconds, while it is enhanced to very 

low time scales also the concentrations enhanced to the level of single molecule level 

even to sub-single molecule level [79]. The development in the auto-correlation 

equations helps in this improvement. 

SM imaging in room temperature developed very fast and took other dimensions, the 

work did not depend only on developing the SM systems but the sample preparation 

also was a point of research, even the sample environment and the glass slide 

treatment was a point of research. The previous advance leads to the appearance of 

far-field techniques in the SM field of view, the epi-fluorescence, total internal 

reflection microscopy (TIRFM) even the conventional wide field microscopy became 

a powerful tool in SM imaging [80-82] especially in biological, medical, 

pharmaceutical and biochemical research [83-86].   

from the 90's of the last century astonishing collection of SM experiments have been 

done for single molecules surrounded by various buffers and molecules, during that 

period SM spectroscopy employed to investigate mainly in biology, bio-physics, bio-

chemistry and cell interactions moreover other studies performed on polymers and in 

general on molecular dynamics (MD). 
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SM spectroscopy was a powerful tool to change some settled facts like the fact that 

the protein size increased by the increasing of the concentration of the chemical 

denaturant, it is discovered during folding unfolding FCS experiments on freely 

diffused phospho-Glycerat kinase (PGK) enzyme that protein size counteracted and 

the structure collapsed when the Gnd HCl concentration higher than zero and lower 

than 0.8 mole the same work done on other enzymes like alpha-amylase from Bacillus 

Licheniformis (BLA), alpha-amylase from Aspergillus oryzae (TAKA) and Porcine 

pancreatic alpha-amylase (PPA) and the same have been noticed [87-89]. 

Mile-stones in single molecule 

spectroscopy at room temperature 

1972 
Fluorescence correlation 

spectroscopy  

1990 

Auto-correlation detection 

from single emitter  

Single fluorescence events 

from single emitter 

1976 

1993 

1996 

Single anti-body multi-

staining 

 

Imaging single emitter 

Confocal imaging  

Wide-field imaging 

with single emitter  

Solution correlation 

function and burst 

analysis 

Solution and surface 

analysis 

Figure 1.  Mile-stones in sing molecule spectroscopy at room temperature. 
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The most recent trends to follow up biomaterials are the techniques depending on 

imaging to get rid of very low concentration and even allow biologist and scientists 

rather than those working in the field of spectroscopy to deal with biological materials 

when comparing the images of the studied molecules with standard molecules. 

Among the techniques of imaging there well know techniques such as 

  4-3. Super resolution imaging  

In between the locomotives for SM studies and applications are the bio-molecules 

investigations alike it was in-vivo, in-vitro or in-situ [83]. The investigation of the 

biological molecules is often depending on the different varieties of labeling with 

fluorescent molecules. While fluorescence techniques is non-destructive techniques 

like the X-ray different methods and electron microscopy, moreover we did not need 

to crystallize the molecules to single phase crystal which is not easy and in some 

cases impossible, but the drawback is the spatial resolution. The spatial resolution is 

limited by what is known as diffraction limitation principle established by Abbe by 

the end of the nineteenth century [90].  

4-4. Fluorescence Life time imaging (FLIM) 

The first paper about FLIM was at 1997 [91] published by B. Herman, life time 

imaging is a marvelous tool in studying the biological samples especially the cell 

biology. The outstanding of this technique comes from its added value to the 

conventional imaging.  In the wide field even the confocal imaging the resolution 

between two successive events is not that good it might be even with the confocal 

scanning microscope. In this case, the color coding of the lifetime image before 

overlaying with the intensity image will offer a good resolving between the molecules 

[92-94]. FLIM is the solution for the auto-fluorescence takes place during in imaging 

of biological samples in-vivo or in-situ measurements, even inside live cells, that the 

lifetime is a characteristic for the fluorescent molecule.  Regardless its help in 

resolving the images, the FLIM is a good reporter about the molecule ambient 

physical micro-parameters, like the micro-viscosity, PH- value, and the ionic 

concentration in the buffer, that the fluorophore lifetime is very sensitive to these 

parameters. FLIM is utilized and upgraded by merging with other methods and 

techniques like FRET, PLIM and others, details in ref. [95-98]. 
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4-5. Single molecule dynamic measurements during molecule diffusion 

Some of the single molecule imaging techniques is presented in the previous sections, 

the imaging techniques are based on tethered samples, which did not allow freely 

looking for molecular dynamics and conformation. Hence the solution techniques 

come strongly to give a helping hand, techniques like fluorescence cross-correlation 

spectroscopy (FCS), Fluorescence color cross correlation (FCCS), Forester Resonance 

energy transfer (FRET), Photo-Induced electron transfer (PET) and others. 

There also some other techniques dealing with biomaterials as well as other types of 

biological molecules even throughout but not limited to imaging such as  

Fluorescence cross-correlation spectroscopy (FCS) 

Forester resonance energy transfer (FRET) 

Photo induced electron transfer (PET) 

 

5- Some selective recent applications  

5-1. Organic–inorganic hybrid biomaterials based on functionalized 

spherosilicates 

Tailor-made spherosilicates and Polyhedral Oligomeric Silsesquioxanes in the form of 

nano-composites are dedicated as innovative biomaterials [99].  Extensive research 

work indicated that it could serve as delivery systems, three-dimensional scaffolds for 

specific tissue engineering, biomaterials for orthopedic, cardiovascular, and 

reconstructive surgery, etc.  The proposed composite in nanoscale is encapsulated as 

indicated in figure 2 to be ready for medical applications. 

5-2. Fabrication of Mg-based implants 

The process of synthesis of Mg alloys and then possible production of implants from 

such alloys is carried out with Ball milling in PM encompasses mechanical alloying 

of two or more alloy powders with hardened steel balls for long periods of time. This 

process consists of welding, fracturing then rewelding which is resulting in fine 

microstructure, small grain size and alloying of the powder particles [100]. 

Table 1 presents the worldwide investigations on porous Mg-based implant through 

various Pall milling methods with their references. As far the proposed Nano-

composites are implemented in the system a mechanism of interaction is proposed in 

figure 3. This is what we call the estimated mechanism of Mg Degradation in vivo. 

https://www.sciencedirect.com/topics/materials-science/biomaterials
https://www.sciencedirect.com/topics/materials-science/alloying
https://www.sciencedirect.com/topics/materials-science/hardened-steel
https://www.sciencedirect.com/science/article/pii/S2213956718300100#bib0019
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Figure 2. Encapsulated particles in the hybrid network are cells and other structures 

with functional groups are the proposed nanocomposite.  

Table 1. Summary of the studies on the porous Magnesium-based implant using 

different Pall Milling methods. 

Material Information Reference 

Porous Mg/5 vol% 

Al2O3 

SPS (585 °C for 2 h under uniaxial pressing of 

20 MPa), app. 60% porosity app. 240 µm grain 

size. 

[101] 

Porous pure Mg 

scaffolds 

0–40% porosity, increasing PMMA content 

from 0% to 30%, conventional PM (compacted 

under 300 MPa, heat-treated 400 °C and then 

550 °C for 2 h) 

[102] 

Mg scaffolds with 

increasing PCL-BG 

35–40% porosity, ammonium hydrogen 

carbonate as space holder, conventional PM 
[103] 

https://www.sciencedirect.com/science/article/pii/S2213956718300100#bib0043
https://www.sciencedirect.com/science/article/pii/S2213956718300100#bib0029
https://www.sciencedirect.com/science/article/pii/S2213956718300100#bib0038
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addition (compacted under 400 MPa and sintered at 

175 °C and then 600 °C for 2 h) 

Suture anchor screws 
Mg–0.9Ca screw (metallic one) by Metal 

injection molding (MIM) 
[104] 

 

https://www.sciencedirect.com/science/article/pii/S2213956718300100#bib0039
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Figure 3. Estimated mechanism of Mg Degradation  in vivo [105].  
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5-3. Tissue engineering with conductive biomaterial 

Tissue engineering with biomaterials is not really new route but the most recent trend 

is the utilization of conductive biomaterials, specially those have biocompatibility 

which is now widely used to fabricate in vitro platforms for differentiation of 

progenitor cell population as well as implantable tissue engineering scaffolds. As 

shown in figure 4 which summarizes the engineering strategies in regulation of 

different applications including stem cell differentiation, maintenance of phenotypic 

characteristics, and design of functional implantable scaffolds for better regenerative 

medicines [106]. 
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Figure 4. Summary of engineering strategies in regulation of medical applications of 

conductive biomaterials. 

5-4. Biomaterials a fibers for hearts 

Using biomaterials in cardiac heart treatment is very important especially for making 

new tissue for muscle treatment. Cardiac cell therapy is very important for improving 

heart function and especially of the permanent failure of muscle functions. 

Embedding cells into 3D biodegradable scaffolds may better preserve cell survival 

and enhance cell engraftment after transplantation, consequently improving cardiac 

cell therapy compared with direct intramyocardial injection of isolated cells [107].  

More precise description of such problem could be pointed out as in the following 

point. The first step is to understand the primary objective of a scaffold used in tissue 

engineering which is the recreation of the natural 3D environment most suitable for an 

adequate tissue growth. Then another important aspect of this commitment is to 

mimic the fibrillar structure of the extracellular matrix, which provides the essential 

guidance for cell organization, survival, and function. The overall process is indicated 

schematically as shown in figure 5; this figure is summarizing schematically and 

describing of course not in details the technique of preparation. 

 

5-5. Biomaterials for corneal wound healing 

Nowadays it is well know that, the disease which is affecting the cornea of the human 

eye is the main reason for blindness all over the world [108]. Up to date, the amniotic 

membrane from pregnant woman after birth which is termed AM is considered the 

main source used clinically in different hospital for cornea regeneration.  Donor-

dependent differences in the AM could result in variable clinical outcomes. This 

problem could be overcome, and then the proposed biomaterials are currently under 

investigation for corneal regeneration in vitro and in vivo. Figure 6 highlighted the 

process as indicated in terms the modern advances in the production of hydrogels, 

bioengineered prosthetic devices, contact lenses, and drug delivery systems for 

corneal regeneration. 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cornea
https://www.sciencedirect.com/topics/medicine-and-dentistry/amniotic-membrane
https://www.sciencedirect.com/topics/medicine-and-dentistry/amniotic-membrane
https://www.sciencedirect.com/topics/medicine-and-dentistry/clinical-method
https://www.sciencedirect.com/topics/medicine-and-dentistry/in-vitro
https://www.sciencedirect.com/topics/medicine-and-dentistry/in-vivo
https://www.sciencedirect.com/topics/medicine-and-dentistry/prosthesis
https://www.sciencedirect.com/topics/medicine-and-dentistry/contact-lenses
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Figure 5. Summary of the process of application of biomaterials as a heart fiber using 

electrospining technique. 
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Figure 6. Applications of biomaterials in corneal wound healing. 

 

 

5-6. Porous dealloying-based biomaterials as a novel biomaterial platform 

The close match of stiffness between implant material and bone is critically important 

to avoid stress-shielding effect and ensure a fast healing of injured tissues [109]. Here, 

we introduce liquid metal dealloying method for synthesis of robust open porous 

biomaterials possessing low Young's modulus. The remarkable advantage of the 

liquid metal dealloying method is a large flexibility in selecting chemical composition 

of a desired porous biomaterial together with unique tunable microstructure. Based 

https://www.sciencedirect.com/topics/medicine-and-dentistry/corneal-wound-healing
https://www.sciencedirect.com/topics/materials-science/stiffness
https://www.sciencedirect.com/topics/materials-science/implant-material
https://www.sciencedirect.com/topics/materials-science/liquid-metals
https://www.sciencedirect.com/topics/materials-science/dealloying
https://www.sciencedirect.com/topics/materials-science/biomaterials
https://www.sciencedirect.com/topics/materials-science/youngs-modulus
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upon the unique combination of mechanical properties of the new open porous 

TixZr100-x alloys becomes even more interesting in view of preliminary biological tests 

highlighting their excellent cytocompatibility. Overall, the liquid metal dealloying 

provides an opportunity for designing a new biomaterials platform with flexible 

tunable functionality. 

 

 

 
 

Figure 7. Open porous TixZr100-x alloys. 

 

 

6- Conclusion 

Functionality of  biomaterials are achieved after blending and/or introduction of 

matrix include part or full metal oxides nano materials in order to facilitate the 

process of functionalization based on the desired applications.  
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The functionality of biomaterials is providing some advantages which enable it for 

targeted application these advantages are limited by the available techniques which is 

a topic of research to continue in the establishment of spectroscopic tools for 

investigation to follow up the changes in this critical and vital field of research.   

Certain care are needed to follow up biomaterials and macromolecules of biological 

functions according to their sensitive role in one hand and low detection limits on the 

other hand. Many spectroscopic tools are already introduced including Raman 

technique, fluorescence as well as techniques based on single molecule detection. 

The introduced techniques not only not only depending on conventional spectroscopic 

methods but also depending on imaging in order to facilitate the fat, transport and the 

characterization of molecules with biological functions. 

Gathering the above statements one can conclude that the field of biomaterial is 

multidisciplinary field of research and technology it needs an achievements in the 

basic science to establish model of interactions, it needs innovations in the 

preparations and characterizations techniques in order to prepare, characterize the 

materials in proper way for certain application covering the recent and future needs.  
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