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ABSTRACT 

Urea (UC) becomes isolated per litre of human urine by evaporation/concentration, nitration, precipitation, crystallization 

and recrystallization. It is then characterized by 1H-NMR, 13C-NMR, UV-vis and FT-IR, melting point analysis, 

refractometry, pH and conductivity measurements. The percentage yields of urea obtained is 61.3% (~5.7g/L). The 

characterization of UC showed chemical shift of 1H-NMR, and 13C-NMR at 2.75ppm and 163.78ppm respectively while 

UV-vis was 212.80nm and FT-IR result showed symmetric and asymmetric frequencies peaks of  Vs (NH2) and Vas (NH2), a 

combination band of Vs (NH) and Vas (NH), C=O and V (C-N) all stretched. It is a white needle-like structure, very soluble 

in water, but slightly soluble in ethanol and methanol. Other results of the physical properties of UC are pH (27oC) = 5.70, 

refractive index (n) =1.321, melting point = 135 – 141 (oC) and electric conductivity = 1.9 x 10-4. The XRD showed the 

crystal to be amorphous. The results obtained revealed that useful substance, urea, can be isolated using simple methods 

for possible use as a ligand for synthesis of urea-based complexes and for the production of urea-based fertilizer, where 

pure urea is not available or costly which complement Green chemistry. 
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INTRODUCTION 

Most animals, especially mammals discharges liquid wastes from their body, either in form of sweat or/and urine. Over 

four billion people are discharging untreated human excreta into the environment without any prior treatment (Jenna et al., 

2018). If properly managed and utilized, urine can serve as a fertilizer because of its nutrient contents. Urine can be 

collected separately and dehydrated in an alkaline bed producing a nutrient rich fertilizer (Senecal et al., 2018). Urine is 

usually rich in nitrogen and contains urea, as its main solid component. Primarily, it consists of water (91 to 96%), with 

organic solutes including urea, creatinine, uric acid, and trace amounts of enzymes, carbohydrates, hormones, fatty acids, 

pigments and mucins. Also, present are inorganic ions such as sodium (Na+), potassium (K+), chloride (Cl-), magnesium 

(Mg2+), calcium (Ca2+), ammonium (NH4
+), sulfates (SO4

2-) and phosphates (e.g. PO4
3-) (Anne, 2017). Urea (CO (NH2)2), 

an organic compound dissolves readily in water. 

Urea is a colorless, odorless crystalline or pellets powdered or granulated organic substance that melts at 132.7°C-

135oC and decomposes before boiling. Its density is 1.32 g/cm3 and it is highly soluble in water and ethanol, but insoluble 

in ether and practically non-toxic (LD 50 is 15 g/kg for rats). Urea was the first organic compound to be synthesized from 

inorganic reagents (Fairall, 1996). Urea has been known since 1773 to be a major component of mammalian urine, by 
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combining cyanic acid and ammonium in vitro (Ekinne-Saffran, 1999). The formation of urea in animals occurs in the 

liver. It is an endogenous product of protein and amino acid metabolism (Thomas, 1991). It is usually formed via 

enzymatic deamination. The amino group (-NH2) is removed as ammonia and excreted, either unchanged or as urea or uric 

acid. Approximately 20–35 g of urea is excreted in human urine per day containing 9.3g/L, depending on several factors 

(quantity of protein consumed, health, water intake etc). 

Pure urea was first isolated from urine in 1727 by the Dutch scientist Herman Boerhaave (Higgins, 2016). Urea is 

the highest solute constituent by mass contained in the human urine. Apart from the natural urea obtained from human 

urine, urea has also been discovered artificially from inorganic materials. Over a hundred million tons of urea fertilizer is 

frequently been synthesized industrially every year (Guillou, 2013). Friedrich Wohler (1800 - 1882), a German physician 

and chemist by training, in 1828, carried out several reactions that resulted in the production of synthetic urea [(NH2)2CO] 

(Steven, 2018).  

Urea can be used as starting materials in the chemical industries for preparing formaldehyde-Urearesin (plastics), 

barbiturates and fertilizers (Adel et al., 2014). Urea is also extensively used as organic ligand, which can undergo both 

mono-dentate and bi-dentate coordination with d-block transition metals to form organo metallic complexes. Complex of 

urea has been used to promote healing in infected wounds and many other applications in the field of medicine. When used 

as fertilizer, it is advantageous, because: it has the highest nitrogen content than any other nitrogenous fertilizer in the 

market; its cost of production may be low; it can be used for any type of crop; and causes no harm to the soil. In this 

research, modified Boerhaave’s method is being used to isolate and characterized urea from human urine for different 

possible uses.  

EXPERIMENTALS 

Urine Sampling 

 
Figure. 1: Urine Sample. 

 
Four litres of early morning urine samples were collected from four donors (one litre each) and homogenised into 

a 4L plastic (fig. 1) rubber as described by Karim (2018). The sample was stored at room temperature (25oC). A 6M 

solution of HNO3 (70.0%, 63.01 g/mol, sp.gr. 1.42; 15.8 M) was prepared by dissolving 190 mL in 500 mL of deionized 

water, in a 500 mL volumetric flask at room temperature. 1M solution of Potassium carbonate, K2CO3 was also prepared 

by dissolving 69.1 g of the salt in 500 mL of deionized water in a 500 mL volumetric flask at room temperature. All the 

chemicals used in this study were of analytical reagent grade and used without further purification. The isolation of urea 

from urine involves both the physical and chemical methods and processes. Boerhaave (1727) and Ben (2016) methods 
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were modified and used to isolate urea crystals from the human urine sample. About 63% of Urea becomes isolated per 

liter of urine by evaporation/concentration, nitration, precipitation, crystallization and recrystallization and decolorization. 

Evaporation / Concentration 

The sample was evaporated to a volume of 250 ml and in a syrup form. “Urine-syrup” was allowed to cool at room 

temperature and vacuum-filtered. Urea nitrate, a crystalline compound was formed according to equation (1) and purified 

by repeated recrystallization. 

(NH2)2CO (aq) + HNO3 (aq) → (NH2)2COHNO3 (s)                                                                                               (1) 

Regeneration of Urea 

Urea was regenerated from the urea nitrate by reacting the urea nitrate with 100 ml of 6M potassium carbonate (K2CO3) in 

a clean 1000 ml beaker according to equation (2). 

(NH2)2COHNO3+K2CO3→ (NH2)2CO + KNO3 + H20 + CO2                                                                                 (2) 

Solubility difference of urea and potassium nitrate in hot ethanol was used to separate the products. The ethanolic 

solution of the urea was evaporated to thick syrup. It was then recrystallized with a mixture of water and ethanol (1:3). 

This was heated again to evaporate the water and ethanol and allowed to cool at room temperature. Confirmed urea crystals 

were formed and further left overnight in a freezer with more crystals being formed. The crystals were dried at room 

temperature and stored for further analysis. 

Characterization of the Isolated Urea Crystals 

Analysis for the physical properties of the isolated urea crystals, IUC, was carried out as preliminary tests. The results of 

the color, solubility, melting point etc., were determined and the results compared with those of a pure urea (PU) sample of 

analytical grade, which was used as a control. In addition to the colour, solubility and melting point tests, standard 

spectroscopic methods (1H-NMR, 13C-NMR, UV-vis and FT-IR), refract meter, pH and conductivity measurements were 

also carried out to characterize the isolated urea crystals. 

 

Figure 4: Isolation of Urea from Urine. 
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RESULTS AND DISCUSION 

Table 2: Physical Properties of Isolated Urea IUC and Pure Urea, PU 
Parameter Standard PU(Control) Sample IUC 

Water (27oC) +++ +++ 
Ethanol (27oC) +++ ++ 
Methanol (27oC) +++ ++ 
pH at (27oC) 7.05 5.70 
Refractive Index (n) 1.491 1.321 
Melting point (oC) 132-136 135-141 
Electric Conductivity (S/cm) (27oC and atm pressure)  1.5 x 10-4 1.9 x 10-4 
Colour and particulate nature White Needle-like White Powder 
Key: PU = Pure Urea, IUC = Isolated Urea Crystals (sample) 

 
Percentage Yield of IUC 

Figure 4, shows the isolated urea (IUC) (fig 4b), side product (SP) (fig. 4c) and the pure urea standard (PU) (fig. 4a) 

respectively. The yield of PU and IUC were calculated using the formula below. IUC yield was calculated with respect to 

9.3g of theoretical quantity of urea contained in one litre of the urine sample, as determined quantitatively according to the 

formula: 

 

 

 

5.7g of the crystals was isolated per litre of the urea sample. This corresponds to approximately 61.3% yield. The 

5.7g of urea per litre of urine sample is about 66.3% yield when compared with the 8.6g contained in the urine sample, 

which was determined quantitatively. However, the low yield may be attributed to metabolic factors of the sample donor, 

the method of isolation being applied, or some environmental factors. Furthermore, it is also possible that SP (fig. 4c) 

could contain some urea, which may not have been completely converted to urea crystals. 

 
   Plate 1: Isolated Urea Crystals, UC    Plate 2: Standard UreaCrystals 

 
The results of the color, solubility, melting point, pH-value, refractometry and conductivity determined are shown 

in Table 2.  

Urea has a melting point of 133°C. It is soluble in water and ethanol, but insoluble in ether (Omar, 2012). The 

result of the physical properties of the IUC given in Table 2 is in agreement with those of the PU and literature. However, 

there is a slight observable variation in the melting point, pH-value, particulate appearance and refractive index. The 

Mass of UC in g/l of urine 

Theoretical mass of 9.3g/l of urine 

% yield of UC = 100 
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melting point of IUC was found to be 139oC ±5oC as against the 134oC ± 5oC of PU. The slight difference may be 

attributed to the presence of some impurity, such as unconverted/remnant of protein materials from the urine sample. The 

pH-value, 5.7 of IUC shows that it is slightly acidic, while that of PU is 7.9 just slightly above neutral point (i.e., pH = 

7.0). This result may be ascribed to some traces of concentrated trioxonitrate (V) acid, which may not have been 

completely converted to the expected “urea-nitrate”.  

The refractive index of PU is 1.491, which is slightly higher than that of IUC, 1.321. As light passes through the 

interface between two mediums of different refractive indices, it bends; besides, PU had a brighter appearance compared to 

IUC, which may be as a result of the “yellow pigment” or colouration of urine, which may have interfered with the 

absorption of light and the reflected incident rays by the two substances. The refractive index of IUC is in agreement with 

the refractive index of urea from human urine, as reported by Savarimuthu & Nagaraj 2016 (table 1). Both IUC and PU 

crystals have white coloration. Although PU is powder, while IUC has a needle-like crystalline appearance. Zing et al., 

(1996) have reported that urea crystals exhibit a needle – like shape. The electrical conductivity of IUC and PU showed 

that they are both non-electrolyte. The needle-like structure of IUC is a characteristic structure or form of urea that is 

crystallized via water medium. 

UV–Vis Spectra Result of UC and PU 

The result of the UV-vis spectrum of IUC is slightly different from that of the PU (Fig. 3). There were absorptions at wave 

lengths 236.80, 206 and 204 nm respectively (i.e., 1, 2 and 3). The peaks, 2 and 3, may be an essential parameter for 

frequency doubling purposes. The wave lengths 236nm and 212.8 nm of PU and IUC respectively are in agreement with 

the absorption wave length of urea according to the spectrum recorded in NIST Chemistry WebBook (Fig. 6). 

Table 3: UV-vis Spectra Results of PU and IUC 
No.  PU IUC 
1. Wavelength (nm) 236.80 212.80 
2. Absorbance 0.276 3.095 

 

 
Figure. 3: UV-vis Spectrum Isolated Urea Crystal. 

 

 
Figure. 2: UV-vis Spectrum of Pure Urea. 
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Figure. 6: Urea UV-vis Spectrum (Literature) 

NIST Chemistry WebBook (http://webbook.nist.gov/chemistry).  
 
FT-IR Spectra Analysis of IUC and PU 

The result of the FTIR spectra of the isolated urea, IUC was compared with that of PU (standard sample).  Both were 

recorded on FTIR-ATR (Shimadzu 8400S model) utilizing KBr disc process and all samples were scanned over a range of 

750-4000 cm-1. The FT-IR spectra results of PU and IUC are shown in figure 7 and figure 8. The vibrational mode of the 

N-H group in the isolated urea is of a secondary amide, which is in agreement with, Shweta, (2003). The band corresponds 

to -NH2 stretching of PU and IUC 3309.96 and 3394.83 respectively (Table 5). 

The characteristic vibrational frequencies of urea (PU and IUC) are reported in the literature by (Web; 

shodhganga, retrieved 2019). An intense sharp peak occurred each, at 1519.96 and 1527.67 for PU and IUC respectively. 

The peaks are attributed to the presence of the carbonyl functional group. The peak corresponding to v C-N is observed at 

1033.88 for both PU and IUC. These frequencies are indications that there is an n*-σ transition of the double bond of C=O. 

The identified functional groups in PU and IUC crystals are systematically assigned with the corresponding wave number, 

in table 4. 

Table 5: Characteristic FT-IR Frequencies and Assignments of Urea PU and IUC 

Reference  
PU 
(cm-1) 

Intensity 
(%T) 

IUC 
(cm-1) 

Intensity 
(%T) 

Band Assignments 

3422–3320 (m) 
3309.96 
3063.06 

87.631 
90.103 

3487.42 
3394.83 

84.893 
85.431 

Vs (NH2) 
Vas (NH2) 

3000 – 2800 (sh) 
 Vs (NH) 

Vas (NH) 

1700–1510 (s) 1519.96 97.487 1527.67 96.389 C=O stretch 
1250–1020 (m)  1033.88 97.462 1033.88 98.347 V (C-N) stretch 

 

 

Figure. 7: FT-IR Spectrum of PU (ATR). 
 

stretch 

stretch Combination band 
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Figure. 8: FT-IR Spectrum of IUC. 

 
Nuclear Magnetic Resonance Spectra results of IUC (13C-NMR and H1NMR) 

The 1H-NMR and 13C-NMR results of IUC shows chemical shifts at 2.75ppm and 163.78ppm respectively (fig. 9 and 11). 
13C-NMR spectrum of the IUC has only one peak at 163.78ppm, which corresponds to the 165-170ppm chemical shift 

range of C=O carbon of amide in literature. The presence of one single peak in the 13C-NMR spectrum (fig. 10) is an 

indication of single carbon atom in the molecule of urea, (NH2)2CO. The quaternary carbons (CN or C=O) functional 

group in the urea molecule, is clearly detected at 163.78ppm in the 13C-NMR spectrum. This characteristic chemical shift 

of C-N or C=O in the urea molecule is in agreement with William Reusch (2013) range of 160-170ppm 13C-NMR shift for 

amides. The chemical shift range of proton in a nitrogen (amine or amide) environment is 0.5+ or -5 (Laurie, retrieved 

2019). The chemical shift of UC, 2.75 (fig. 9) corresponds with the chemical shift of urea in the spectrum of the standard 

(fig. 11). 

 
Figure. 9: 1 H-NMR spectrum of IUC. 

 

 
Figure. 10: 1 H-NMR Spectrum of Pure Urea (Literature). 
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Figure. 11: 13C-NMR Spectrum of CU. 

 

 
Figure. 10: XRD Spectrum of IUC. 

 
CONCLUSIONS 

About 63% of Urea becomes isolated per liter of human urine by evaporation/concentration, nitration, precipitation, 

crystallization and recrystallization, and decolorization. The molar conductivity data of the isolated urea in methanol KI 

indicates that it is non-electrolyte. The isolated urea was also very soluble in water and soluble in methanol. Other physical 

parameters of IUC are in agreement with those of the PU, which was used as standard for comparison. The spectroscopic 

data of the isolated urea: 1H-NMR, 13C-NMR, UV-vis and FT-IR ascertained IUC to be urea. Based on the findings of this 

study, it can therefore be reported that, urine is a very useful waste. It contains over three thousand chemical components 

of which urea is the highest after water and can actually be isolated by simple process of evaporation, nitration, 

crystallization and recrystallization for possible use as a ligand for synthesis of urea-based complexes and for the 

production of urea-based fertilizer, where pure urea is not available or costly.  
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