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ABSTRACT 
 
Total neutron cross-sections of  twenty essential and non-essential amino acids to human were determined using  

crystal spectrometer installed on the Argonauta reactor of IEN(Instituto de Engenharia Nuclear)CNEN-RJ and 

compared with data generated by parceling and grouping  methodologies developed at this institution. For each 

amino acid was calculated the respective neutron cross-section by molecular structure, conformation and 

chemistry analysis. The results obtained for eighteen of twenty amino acids confirm the specifications and 

product formulations indicated by manufacturers. These initial results allow to build a neutron cross-sections 

database as part of  quality control of the amino supplied to hospitals for production of nutriments for parenteral 

or enteral formulations used in critical patients dependent on artificial feed, and for application in future studies 

of  structure and dynamics for more complex molecules, including proteins, enzymes, fatty acids, membranes, 

organelles and other cell components.  

 

 

1. INTRODUCTION 
 

Neutron cross-section data  are useful for many areas of science. In Reactor Physics and 

Engineering are used as input data in nuclear reactor core calculations. In Elementary Particle 

Physics characterize neutron nuclear levels, important in studies of excited states, decay and 

other processes involving neutrons, other particles and radiation, also useful in Astrophysics 

and Cosmology. In Medicine, are important both for diagnosis and treatment of tumor 

diseases, applications in techniques as boron neutron capture therapy (BNCT), in 

Neutrongraphy and neutron tomography. In Biology for study of molecular structure and 

dynamics of DNA [4] and all cell related molecules. 

 

At the beginning of the millennium was developed at IEN a new method for quality control 

of amino acids by neutron cross-sections determinations which enabled the creation of a 

small database for future use in the analysis of larger molecules and to obtain values of 

neutron  cross-sections of proteins, enzymes, polysaccharides, fatty acids, membranes, 

organelles and other cell components. The result of this method is a way of quantifying or to 

give a number for the molecular composition obtained by a measure which comprises all their  

atomic nuclei. 
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For all these applications, molecular compounds neutron cross-sections data are needed that 

are not included in manuals or barnbooks. For neutron energies above a few electron Volt 

(eV), these data can be obtained by direct sum of neutron cross-sections of the chemical 

elements contained in barnbooks. 

 

When the energies of neutrons are compared to chemical bond energies between elements, 

there is a direct relationship between an element and a cluster of atoms. This energy range of 

neutrons requires further study and information on the structure and dynamics of molecular 

compounds, which are complementary to existing or can not be obtained by other methods. 

 

To obtain neutron cross-section values relative to compounds, such as a simple water 

molecule, is required complex treatment by computer calculation using as example the 

Wilkins or  Ishiguro [5] theories or Nelkin Model [6] as a full form.  

 

However, for obtaining data of complex molecules in a practical manner one can use data of 

small molecules or molecular groups of the specific bibliography, or also obtained from 

measurements with the methodology developed at the IEN [7]. These data appear in diverse 

and dispersed  bibliography published in universities or research institutions  applying  

neutron spectrometry. Have neutron sources, such as reactors, accelerators, spallation sources  

and neutron spectrometers suitable to produce neutron of good quality which is the necessary 

tool for obtaining material parameters. 

 

In Brazil, in the years 60 and 70, many works of international reference  were published by  

the neutron spectrometry group of  IPEN(Instituto de Pesquisas Energéticas e Nucleares)-

CNEN-SP   with substantial contribution of neutron cross-section data  to BNL (Brookhaven 

National Laboratory) barnbook in the USA., especially the total neutron cross-sections of rare 

earth elements [8]. Even at this time doctor thesis were developed involving the 

determination of parameters and neutron cross-sections of various molecules including water, 

polyethylene, acetic anhydride and other molecules [9,10] and serving until now as a 

reference. Neutron data are used to obtain  material parameters in order to unravel their 

molecular dynamics and structure and  also were  useful for this work.  

 

Neutron cross-section data measurements were initiated in the 70s for the control, analysis 

and characterization of materials used in nuclear reactors and are now focused also for the 

determination of material parameters related to health, Nutrition, Biology and Medicine. 

 

Measures considered unpublished  about total neutron cross-sections of chemical compounds 

of complex  structure, were obtained through the techniques of neutron diffraction and 

transmission using the  IEN crystal spectrometer. 

 

Samples of individual amino acids from outside sources and provided by Nutri-Ente 

(incubated company in the Polo de Tecnologia Bio-Rio on the campus of the  University City 

at the Universidade Federal do Rio de Janeiro (UFRJ)) were measured as quality controls in 

the manufacturing of parenteral nutrition solutions for confirmation of data provided by the 

manufacturers. 
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1.2. The importance of amino acid in the life cycle 

 
Amino acids, the basic components of proteins are used in artificial nutrition critical for 

parenteral nutrition in the form of dried crystals can take part of formulas composition for 

administration of enteral nutrition in critically ill patients hospitalized and unable to be feed 

naturally. Changed for the better since the late 60s, the prognosis of many patients who in the 

past had no way to survive due to their secondary malnutrition disorders. 

 

Like hydrogen, nitrogen, carbon an oxygen are present in biological molecules, including 

proteins, which are complex compounds of amino acids, and the nitrogenous bases that make 

up nucleotides. Amino acids as monomers, are the largest depositories of organic nitrogen  

and are part of the so called endogenous amino acid pool, which lies in the liver of mammals 

derived from the diet or from the degradation of proteins in various tissues. This pool 

participates as a source of synthesis of all proteins in the body, and also as a source of 

gluconeogenesis in situations of prolonged fasting or catabolic stress. 

 

Each species of mammal produces some of their amino acids from hepatic synthesis. Amino 

acids that are not synthesized should come from feed. These are called essential that are 

specific species, and in humans, constitute up to eleven amino acids in the newborn to eight 

amino acids in the adult. Essential amino acids are produced exogenously, usually by 

processes or pathways that have been lost in the course of evolution of each species of 

vertebrates. 

 

The enzymes that synthesize essential amino acids apparently been lost early in the animal 

course, possibly due to the ready availability of these amino acids in their diet. About fifteen 

amino acids can be synthesized using a variety of raw materials, including intermediates of 

the citric acid cycle in the adult human body itself, and these are called non-essential. 

 

 

2. PROCEDURES FOR OBTAINING THE NEUTRON CROSS-SECTIONS 

 

2.1. Processes of amino acids  manufacturing and neutron techniques required for 

quality control  

 

The process of manufacturing amino acids or their solutions, depends on natural proteins 

segmentation techniques, usually by acid hydrolysis and physicochemical techniques of high 

quality drug, because will be used in human nutrition. The amino acid solutions for parenteral 

utilization follow best practices for pharmaceutical intravenous, giving them great use of 

technology for their preparation, certification, control, storage, handling and application. 

 

There is a single global supplier of dehydrated amino acids in crystalline form that are the 

basis for the preparation of various pharmaceutical forms for clinical use. From these crystals 

pharmaceuticals and several laboratories prepare various formulations of medical use. 

 

Quality control of amino acids is accomplished by the original manufacturer and then 

controlled and certified by pharmaceutical companies that produce the various solutions or 

nutrition for hospital use. How much of this industry produces abroad, these controls follow 

the rules of the country of origin. In Brazil there are no qualified institutions for the 
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molecular analysis of these amino acids, or of metal contaminants that occur in the 

preparations originated from  hydrolysis reactions. His compositions and molecular formulas 

may not be as specified by the supplier or bibliography. More detailed analyzes are therefore 

necessary to detect impurities, contaminations and damage that could hardly packed drugs, 

suffering weather, radiation or action of fields in the storage areas. 

 

For samples of amino acids used in this work became imperatively necessary to detect 

possible presence of toxic metals (Cd, Pb, As, Sb, Al, Hg, Ni) and other elements in the order 

of traces. This control was accomplished with the application of the method of Neutron 

Activation Analysis (NAA-ko),developed for utilization with the reactor TRIGA MARK-I of 

CDTN  [11]. The analysis revealed the absence of toxic elements in the samples 

 

Considering the conventional physicochemical techniques for analysis and purity control, 

composition, molecular formulas and conformations,  neutron techniques becomes an 

important analysis tool being  complement to these techniques and their determinations 

within the atomic nucleus, also because is characterized as a nuclear purity analysis. 

 

For verification of the data provided by the manufacturer was required using a not 

conventional procedure on the  sample data. Was obtained an initial  support data collection  

through a study of small molecules or small groups of atoms that are part of the molecular 

structure of the amino acid, including the determination of its degrees of freedom of 

movement  relative to the main chain. 

 

2.2.  Support database – neutron cross-sections of radicals, small  atomic groups and  

molecules  

 
A large molecule, such as an amino acid or a protein can be divided into small molecules, 

clusters of atoms or  radical chemical whose neutron cross-section values can be obtained 

through an analysis of molecular structure, conformation and chemistry. Individual chemical 

elements that comprise to or may be linked to the main chain of amino acids are H 

(hydrogen), C (carbon), O (oxygen), N (nitrogen) and S (sulfur) and their neutron cross-

sections are obtained directly from the barnbooks [1.2.3], since they are not linked to  H 

atoms. 

  

Among small molecules, radicals or groups which facilitate work in determining the neutron 

cross-section of the whole molecule are water (H2O), ethyl radicals (CH), methyl(CH2), 

methylene (CH3), hydroxyl (OH), carbonyl (CO), carbon dioxide (CO2), amine (NH), NH2, 

NS, SO and  SH. Their neutron cross-sections values are obtained by a manipulation of data 

using data from other molecules or compounds. 

 

Neutron cross-sections adding of  COOH (carboxyl) and CNH2 (amine) groups which 

characterize the main chain of the amino acids can be used as a single value for all amino 

acids except proline and glutamine are amino acids of different structures. 

 

The calculated values of cross-sections of each of the twenty essential and non essential 

amino acids were obtained in this procedure. Comparisons of cross-sections of measured 

amino acid samples, with the calculated one  may show whether the samples meet 

specifications. 
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With these support data it was possible  the formation of a neutron cross-sections  database  

for  chemicals, small molecules, radicals and for the own amino acids. The procedure used 

was the method of neutron cross-section parceling and grouping developed at IEN [7]. 

 

Some molecules that exhibit similar radicals to amino acids and whose neutron cross-section 

values are available in the bibliography may be utilized to obtain  the unknown neutron cross-

section values that comprise the radicals of amino acids.  

 

To obtain this value for the methylene group (CH3) for example, for which there is no 

bibliography value available, one could use existing data of some compounds such as that of 

methyl acetonitrile, acetic anhydride,  nitromethane, dimethyl  sulfoxide and acetone that are 

available in  bibliography [6]. 

 

For example, acetonitrile molecular form is CH3CN  and the CH3  neutron cross-section value 

is obtained by subtracting the amounts of  C and  N  that of the whole molecule. 

 

For  acetic anhydride or  (CH3 CO)2 O   the value of CH3 neutron cross- section is obtained 

by subtracting the amounts of C and O  that of the whole molecule, in the ratio required  

 

Likewise nitromethane or N CH3,  subtracting  the N amount from that of whole molecule, 

dimethyl sulfoxide or  (CH3)2 SO, subtracting  O and S amounts,   acetone (CH3)2 CO 

subtracting  C and O amounts, all in the required proportions, can also be used for obtain  

other CH3 neutron cross-section values. 

 

However it must be pointed among these five compounds, which one has the CH3 degrees of 

freedom closer to amino acid site that is being analyzed. One can conclude that the CH3 of 

acetic anhydride  is closest in terms of degrees of freedom of motion compared to CH3 linked 

to structures of  valine, leucine and isoleucine. It can therefore assume the value 278.1 b, see 

Table 1. 

 

However for alanine, methionine and threonine CH3 cross-section value could be a little 

different. One approach therefore less laborious not emphasizing intermolecular movements 

is required to obtain an average value  to be utilized in grouping. Thus, the values obtained at 

IPEN spectrometers [9,10] in the energy of 0.0035 eV for  CH3 linked to compounds above 

are 286.4 b,  278.1 b,  267.4 b, 263.0 b  and  278.2 b  respectively. The resulting average  

cross-section of five measurements is 275.0  b. 

 

At IEN spectrometer all amino acids neutron cross-sections were measured in the average 

energy of neutrons from the Argonauta reactor thermal spectrum i.e. 0.05 eV. In this case 

CH3 neutron cross-section value is 135 b. 

 

In this way one can obtain neutron cross-section values for other molecules, radicals or 

smaller molecular groups which are also shown in Table 1  allowing also obtain neutron 

cross-sections of larger molecules  
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3. RESULTS AND CONCLUSION  

 

3.1. Parceling and grouping method application for the calculated neutron cross-section  
 

Parceling and grouping method is used to determine the calculated neutron cross-section of  

compounds required as proof for comparison with the experimental neutron cross-section 

measured at IEN crystal spectrometer. 

 

To obtain the calculated amino acid cross-section, is necessary to define a basic model of 

each one. Eighteen of twenty amino acids has a repeating unit which is the main group 

(carboxyl + amine) under different radicals which are attached and characterizes each amino 

acid. 

 

The amino acid main chain can be divided (or parceled) in hydroxyl (OH), amine(NH.), CO 

and CH. Using Table 1, for the neutron energy 0.05 eV, the corresponding neutron cross-

sections are 48.2 b, 38 b, 8.9 b  and  45 b.  Adding (or grouping) these values results 140,1 b  

for the main chain. This value can be used for the main chain normal form but some of them 

there are a reduced form with values from 100 b  to  ll5 b depending on the water content in  

samples. 

 

If the amino acid is glycine for example, a single H is linked to the main chain. Neutron 

cross-section value for the whole molecule is 140,1+30=170,1 b. 

 

For alanine, CH3 group is linked to the main chain resulting 140,1 b +135 b = 275.1 b. 

 

Serine has a  methylene (CH2) and hydroxyl group (OH) groups linked, which results 140.1 b 

+  98 b +  48.2 b = 286.3 b. 

 

Methionine has a radical comprising two methyl groups (CH2), a methylene group (CH3) and 

a sulfur atom (S), resulting  472,5 b. 

 

So on can be calculated neutron cross-sections of all amino acids. 

 

 

3.2. Experimental neutron cross-section  measurements 

 
Measurements  of all need chemical elements and compounds were performed using the 

crystal spectrometer installed in the J-9 beam hole at IEN Argonauta reactor (10kW) whose 

emerging neutrons exhibit a spectrum with the energy distribution  approximately 

Maxwellian. A convenient collimation allows to obtain a reflected neutron beam by a calcite 

crystal set at the angle 2θ=25° and resulting in a monochromatic neutron beam of 0,05eV.. 

Transmission method is also utilized with a neutron detector recording data with and without 

sample in the beam [5]. 

 

For calibration of the measures  were used  high purity nuclear patterns of Au ((> 99.9%), C 

(> 99%) and D2O (99.7%). Were obtained neutron cross-sections for twenty amino acids with 

the support  database  collected from bibliography, including the handling of many 

compounds data obtained at IPEN [9,10], IEN [12,13,14,15] and other publications [16] 

by the parceling and grouping method discussed above. 
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Data are presented in the tables from 1 to 5  for some elements, atomic groups, radicals and 

amino acids. Although leucine and glycine are out of manufacturer specifications and new 

measurements are required with other samples, these initial data form a small total neutron  

cross-sections database for future use in clusters of molecules (proteins, enzymes, nucleic 

acids, fatty acids, membranes, organelles and other cell components). 

 

Tabela 1. Total neutron cross-sections for small molecular groups and main chemical 

elements obtained by neutron measurements and bibliography data handling   for using 

in the tables from 2 to 5. 

 

 

Energy 

(eV) 

 

0,0035 0,0050 0,035 0,040 0,045 0,050 0,055 0,060 

CH 85*  51,8* 49,5* 47* 45* 43 42 

CH2 176,5*  107 103* 99* 98 95 93 

CH3 

275,0# 

278,1** 243,2* 150 142 138 135 131 128 

OH   56 54 52 48,2* 47 46 

NH*** 96* 85* 44,3(68,3) 41,59(59) 39(55) 38(53) 36(51) 35(49) 

SH   53,1 49,5 47 45,3 43 41 

BENZ   380 370 360 350 340  

S   1,4 1,5 1,4 1,4 1,4  

C 4,2 3,8 4,3 4,5 4,9 4,8 4,7  

H   33 32 31 30 29  

N 22 19 12,5 12 12 12 12  

O 7 6 6,9 4 4 4 4  
* Data obtained from barnbooks and Herdade publication 

** Value considering the radical chemical degrees of freedom 

***Sometimes N enhances H cross-section 

#  Mean value generated from Herdade publication 

 

Table 2. Amino acids total neutron cross-sections [12] 

 

Sample σσσσT(0,05eV) 

(barn) 

measured 

σσσσT(0,05eV) (barn) 

calculated 

∆∆∆∆σσσσ/σσσσx100   (%) 

Standard  Gold 75±±±±4 78±±±±7 3 

Standard D2O 13±±±±1 13±±±±1 0 

Treonine 378±±±±17 377±±±±0,3 0,3 

Cisteine 252±±±±12 253±±±±0,3 0,4 

Tirosine 512±±±±24 500±±±±0,3 2,4 

Phenilalanine 453±±±±21 452±±±±0,3 0,2 

Methionine 441±±±±20 467±±±±0,3 6 
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Table 3. Amino acids total neutron cross-sections [13] 

 

Sample 
σσσσT(0.05eV) 

(barn) 

measured 

σσσσT(0.05eV) 

(barn) 

calculated 

∆∆∆∆σσσσ/σσσσx100  (%) 

Standard Gold 73±±±±4 73±±±±7 0 

Standard D2O 13±±±±1 13±±±±1 0 

Serine 276±±±±15 286±±±±5 3 

Methionine 467±±±±20 472±±±±9 1 

Thriptophane 552±±±±35 547±±±±10 5 

Glicine 188±±±±21 170±±±±3 10 

Alanine 257±±±±15 275±±±±6 6 

 

 

Table 4. Amino acids total neutron cross-sections [14] 

 

Sample 
σσσσT(0.048eV) 

(barn) 

measured 

σσσσT(0.048eV) 

(barn) 

calculated 

ΦΦΦΦ/ΦΦΦΦ x 100 

(%) 

Standard  Gold 77±±±± 4 77±±±± 7 0 

Standard D2O  13±±±±1 13±±±±1 0 

Proline 486±±±±25 454±±±±20 7* 

Glutamine 503±±±±25 458±±±±20 9* 

Lysine 660±±±±35 605±±±±30 8 

Arginine 672±±±±35 625±±±±30 7 

Histidine 406±±±±20 405±±±±15 0 

Glutamic  Acid 429±±±±20 404±±±±20 6 

*Amino acid with formula different from others (without main chain) 

 

 

Table 5. Amino acids total neutron cross-sections [15] 

 

Sample 
σσσσT(0.045eV) 

(barn) 

measured 

σσσσT(0.045eV) (barn) 

calculated 

∆∆∆∆σσσσ/σσσσx100     (%) 

Standard Gold 70±±±±4 70±±±±7 0 

Standard D2O 13±±±±1 13±±±±1 0 

Valine 475±±±±20 440±±±±10 8 

Methionine 511±±±±20 484±±±±10 5 

Leucine 470±±±±20 539±±±±10 15 

Isoleucine 565±±±±20 538±±±±10 5 

Aspartic Acid 316±±±±20 294±±±±10 7 

 

 



INAC 2013, Recife, PE, Brazil. 

 

 

REFERENCES 

 

1.. D.J.Hughes, J.A.Harvey, “Neutron Cross Sections”, BNL-325, Upton, N.York, July   
(1955). 

2. S.F. Mughabghab and D.L. Garber, “Neutron Cross Sections”, Vol. I  e II,  BNL- 325, 

1973.3. S.F. Mughabghab, Atlas of Nêutron Resonances, NNDC,BNL,Upton, USA,5
th
 

Edition ( 2006). 

4. D.L. Voi, “Estudos sobre a Estrutura e Dinâmica Moleculares do DNA e Componentes da 
Célula através de Técnicas de Medidas com Nêutrons”, INAC 2002, Rio de Janeiro 
(2002). 

5. D.L.Voi, “Medidas de Seções de Choque para Nêutrons  com o Espectrometro de Cristal 
do IEN”, Tese de Mestrado, COPPE-PEN, UFRJ, Rio de  Janeiro, Dezembro ( 1978). 

6. L..P. Rosa “Estudos do Espalhamento de Nêutrons Térmicos na  Água” Tese de Mestrado, 

COPPE-PEN-UFRJ, Rio de Janeiro, Novembro (1969) 

7. D.L. Voi, “Estudos da Estrutura e Dinâmica Moleculares da Baquelite Através de Medidas 
de Seções de Choque para Nêutrons”, Tese de Doutoramento, COPPE-UFRJ, Rio de 

Janeiro (1990). 

8  R.L.Zimmerman, L.Q.Amaral, R.Fulfaro, M.C.Matos M.A.N.Abreu  and  R.Stasiulevicius  

“Nêutron Cross Section of PR, Yb, Lu, Er, Ho and Tm”  Proceedings of Nuclear Data for 
Reactors Conference, Paper CN 23/129, IAEA, Viena Austria,  pp. 53-59 (1967). 

9. S.B. Herdade, “Espalhamento de Nêutrons Lentos na Água, Polietileno e Compostos 
Metílicos”, Tese de Doutoramento, Universidade de Campinas, São Paulo( 1969). 

10. L.Q. do Amaral, “ Estudo dos Movimentos Atômicos do t-Butanol por Espalhamento de 
Nêutrons Lentos”, Tese de Doutoramento,Instituto de Física-USP (1972) 

11. M..A. B. C. Menezes and R. Jacimovic “Optimezed ko-Instrumental Nêutron Activation 
Method Using the Own Triga Mark I-IPR-R1 Reactor: The Outstanding Partnership in 
Brazil”, 4th Internationsl ko–Users Workshop, Madeira Island, Funchal, Portugal 11-14 

September (2005.) 

12. D.L. Voi, F.de O Ferreira e H.Rocha “Análise de Aminoácidos Através de Medidas de 
Seções de Choque para  Nêutrons”, INAC 2002, Rio de Janeiro( 2002). 

13.  D.L. Voi, F.de O Ferreira e H.Rocha “ Análise de Aminoácidos Através de Determinações 
de Seções de Choque para Nêutrons-Parte II”, INAC 2005, Santos, SP (2005). 

14. D.L. Voi, F.de O Ferreira e H.Rocha, “Análise de Aminoácidos Através de Medidas de 
Seções de Choque para Nêutrons –Parte III”, INAC 2007, Santos, S.Paulo( 2007) 

15. D.L. Voi, F..de O. Ferreira e H.Rocha “Análise de Aminoácidos Através de Medidas de 
Seções de Choque para Nêutrons – Parte IV, INAC 2009, Rio de Janeiro, 27 de setembro 

a 02 de outubro ( 2009). 

16. D.L. Voi, R.Stasiulevicius, C.Rodrigues, J.M Filho, C.B.R.Parente, V.L.Mazzocchi and 

R.Pugliesi, “Historical Review of Neutron Diffraction and Spectrometry in Brazil – 50 
years”, INAC 2011, Belo Horizonte, MG ( 2011) 

 

 

 

 

 


