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Abstract 
 
The authors of the title paper (Journal of Optics 49, 181–186 (2020)) claim to have grown a so-called urea 

potassium dichromate (UPDC) by slow evaporation of an aqueous solution containing equimolar amounts 

of urea and potassium dichromate and characterized it based on a unit cell study. A critical analysis reveals 

that the claims in the title paper are erroneous. Hence, we reinvestigated the crystal growth reaction and 

determined the structure of the product crystal.  Based on these studies, we prove that due to no chemical 

reaction between the reagents fractional crystallization of potassium dichromate (K2Cr2O7) occurs and not 

formation of any so-called UPDC crystal. Taking the title crystal as an example we show the importance 

of reporting single crystal structure for new compound characterization. 
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Introduction 
 
Recently we became aware of a paper by Chithambaram et al [1] published in the Journal of Optics reporting 

on the solution growth of a novel nonlinear optical urea potassium dichromate (UPDC) single crystal. This 

paper attracted our attention in view of our recent interest in urea-based materials [2,3].  Urea which 

crystallizes in the non-centrosymmetric tetragonal space group P4̄ 21m [4], is well-known to form several 
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molecular adducts in 1:1 or 2:1 molar ratios with ,-alkanedicarboxylic acids many of which crystallize 

in centrosymmetric space groups [5-11]. In the literature, several urea-based crystals have been shown to 

be improperly characterized materials [12-17].  

 
In an earlier paper the Chithambaram group had reported on a so-called glycine potassium dichromate 

crystal which we proved to be potassium dichromate [18]. The name urea potassium dichromate indicates 

that the title compound may be a molecular adduct of urea. However, a search of the Cambridge Structural 

Database (CSD) [19] reveals the absence of any entry with the name urea potassium dichromate or any 

structurally characterized compound containing both urea and K2Cr2O7 in the same crystal. Hence, we 

perused the title paper reporting on a so-called UPDC (urea potassium dichromate) crystal and noted that 

the authors had characterized the crystal based on a unit cell measurement and an IR spectrum. We have 

shown in several critical comments [2, 3, 12-18] that characterization of new materials based on unit cell 

data results in incorrect compound identification. We note that the Chithambaram group employs similar 

procedure namely characterization based on unit cell in their papers. In this study we first show that the so 

called UPDC is in fact potassium dichromate based on a reinvestigation. In addition, we prove that four 

more papers of the Chithambaram research group [20-23] are erroneous. Together, these examples 

demonstrate the importance of single crystal structure determination for new compound characterization. 

 
UPDC is in fact potassium dichromate 
 
Authors of [1] reported in the introduction that they are making an attempt to grow novel single crystals of 

urea potassium dichromate by slow evaporation method to study the optical, mechanical and biological 

properties. Although it is mentioned that urea and potassium dichromate were taken in equal molar ratios, 

it is not clear what the authors mean by “The calculated amount of urea potassium dichromate was dissolved 

in distilled water at room temperature.” and left the solution for slow evaporation. As is usually observed 

in these papers, neither the quantities of reagents used for the crystal growth experiment nor the amount of 

UPDC obtained are reported.  Under the heading, “single X-ray diffraction analysis” authors reported the 
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following: “It was observed that the crystal belongs to triclinic system with the following cell dimensions a 

= 6.80 Å, b = 8.38 Å, c = 5.95 Å, α = 90 Å β = 106, γ = 90 o, with non-centrosymmetric space group P.” It 

is not clear why the authors refer to the unit cell of UPDC as triclinic cell despite reporting α and γ to be 

90o. There is no space group identified by a single alphabet viz P and hence the reported unit cell is highly 

questionable. Under the heading powder X-ray diffraction analysis authors claimed, “The grown crystals 

were of high degree of crystallinity which can be revealed from the sharp and high-intensity peaks. The 

diffraction peaks were indexed using TREOR program for corresponding 2θ values and the estimated 

lattice parameter values. The sharp and well-defined Braggs peak at specific 2θ angles in the pattern attests 

the proper orientation of the grown crystal” that the peaks were indexed, no indices can be seen in the 

Bragg lines in the figure displaying the pattern. It is also not clear as to how a sharp Bragg peak in a powder 

pattern attests the proper orientation of a crystal.  

 
Under the heading UV-Vis-NIR analysis authors claimed, “The resultant spectrum shows that the crystal 

has very low absorbance in the entire visible and IR region.” This discovery appears to be quite remarkable 

because the crystal is red coloured. In addition, it contradicts the infrared spectrum reported by the authors 

of [1] which shows quite a few strong infrared signals.  

 
In view of the above contradictory claims we performed a crystal growth reaction on a ten millimolar scale 

by taking potassium dichromate (2.940 g, 10 mmol) and urea (0.600 g, 10 mmol) in ~60 ml of water. The 

reaction mixture was stirred well and then filtered. The clear red filtrate was left aside undisturbed for the 

slow evaporation of solvent water. After a few days bright red crystals were obtained. The crystals were 

filtered and washed with little cold water and allowed to air dry to obtain ~2.0 g of red crystals (1). No 

special efforts were taken to grow big crystals. A small crystal from the isolated product was used for the 

single crystal X-ray experiment which was performed in a Bruker D8 Ecoquest equipment. The details of 

data collection and refinement results in the triclinic space group (𝑃1ത) are given in Table 1. Our data are in 

very good agreement with the reported triclinic modification of potassium dichromate K2Cr2O7 by Brandon 

and Brown [24]. The crystal structure of 1 consists of two unique dichromate anions and four 
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crystallographically independent K+ ions (Fig. 1). Since this structure is well-documented in the literature 

[24], we do not wish to describe it any more. More importantly the formation of only potassium dichromate 

and not any urea potassium dichromate (UPDC) in very good yield reveals that there is no chemical reaction 

between the two reagents and the less soluble of the two namely K2Cr2O7 fractionally crystallizes (Scheme 

1). The more soluble urea remains in solution. A complete evaporation of the reaction mixture results in 

isolation of both unreacted products. Unlike urea which crystallizes in a non-centrosymmetric space group 

K2Cr2O7 crystallizes in the centrosymmetric space group and hence is not expected to exhibit any second 

harmonic generation response (SHG). The observation of a very high SHG (2.5 times of KDP) for the so-

called UPDC crystal indicates that the authors evaporated all the solvent and obtained a mixture of products.  

The unreacted urea in the product can explain the strong SHG signal. A similar explanation namely presence 

of unreacted starting material was provided by us for the observation of SHG signal in a so-called glycine 

potassium dichromate which was actually the centrosymmetric potassium dichromate [18].   

 
Table 1 Crystal data and structure refinement for K2Cr2O7 1 
 
Empirical formula K2Cr2O7 
Formula weight (g mol-1) 294.20 
Temperature (K) 293(2)   
Wavelength (Å) 0.71073  
Crystal system triclinic  
Space group 𝑃1ത 
Unit cell dimensions    
a (Å)       7.3888(2)     
b (Å)                                         7.4733(2)   
c (Å)  
α (°)                                     

13.4044(4) 
96.3180(10) 

β (°) 
 γ (°) 

97.9770(10) 
90.9270(10) 

Volume  (Å3)   728.19(4) 
Z 4 
Dcalc  (mg/m3) 2.684   
Absorption coefficient (mm-1)         4.113   
F(000) 568 
Crystal size (mm3) 0.358 x 0.294 x 0.192   
 range for data collection (°) 2.744 to 30.538   
Limiting indices  -10<h <10, -10<k<10,-19<l<19  
Reflections collected /unique  19875 / 4451 [R(int) = 0.0226] 
Completeness θ = 27.00° 99.6 % 
Refinement method Full- matrix least-squares on F2  
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Data / restraints / parameters 4451 / 0 / 199 
Goodness of fit on F2 1.115 
Final R indices [I>2σ(I)] R1 = 0.0224, wR2 = 0.0639 
R indices (all data) R1 = 0.0249, wR2 = 0.0655 
Largest diff. peak and hole (e Å -3)                0.489 and -0.736   
CCDC deposit no. 2032971 

 
 
 

 
Fig.1 The asymmetric unit of K2Cr2O7 showing the crystallographically unique dichromate anions and the 
four independent K+ ions. Thermal ellipsoids are drawn at the 50% probability level.  
 
 
 

Urea + potassium dichromate   potassium dichromate   
                                                            and NOT  
                                                    urea potassium dichromate   

 
Scheme 1: Fractional crystallization of potassium dichromate from an aqueous solution of 1:1 urea and 
potassium dichromate 
 
 
We explain the formulation of UPDC crystal by the authors based on an incorrect assumption that stirring 

urea and potassium dichromate in equal ratios and allowing it to evaporate slowly will result in the 

formation of a so-called UPDC crystal. The above given discussions show the dangers associated with 

formulating compounds (especially so-called new materials) based on unit cell measurement. Had the 
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authors refined the structure they would have known that the so-called UPDC crystal obtained by them is 

not a novel material as claimed by them, but a known compound. As is the normal practice, we have 

deposited the CIF file of 1 with the joint Cambridge Crystallographic Data Centre and 

Fachinformationszentrum Karlsruhe Access Structures service. 

  
Improper characterization is also observed in four more articles of Chithambaram with other coauthors [20-

23]. In [20] which is on a so-called “glycine manganous acetate” the authors reported: “The calculated 

lattice parameter values are a = 9.11 Å, b =17.54 Å and c =10.41 Å Volume of the unit cell =1552 Å3. The 

XRD data prove that the crystal is monoclinic in structure with the space group of P”. The non-reporting 

of beta angle and reporting of a questionable space group for the monoclinic crystal and the absence of a 

CIF file makes this claim highly questionable.  In [21] the authors report on “novel nonlinear optical L-

threonine calcium chloride single crystal”. The crystal structure of this “novel” crystal was not determined. 

Instead, authors reported unit cell parameters, space group and infrared spectrum: “…the LTCC crystal 

crystallizes in Orthorhombic system with non-Centro symmetric space group P1. The cell parameters are 

identified to be a=5.18 Å, b=7.79 Å, c=13.71 Å, α = 90°, β = 90° γ = 90° and V = 553 Å3”. The space 

group P1 is triclinic and provided unit cell parameters and infrared spectrum perfectly correspond to that 

of L-threonine (see [25] references therein). So, the crystal “L-threonine calcium chloride”, is in fact, L-

threonine (see also [26]). In [22] the authors claim on obtaining a new L-tyrosine cadmium chloride crystal. 

Again, the structure was not determined. Moreover, the composition of the crystal is uncertain. The crystal 

is called L-tyrosine cadmium chloride, while the composition is assumed as Cd(C9H11NO3)2Cl2. The authors 

report that the crystal is orthorhombic with the space group Pmn21. The lattice parameters were observed 

to be a=13.0259 Å, b=5.8238 Å, c=6.4800 Å and cell volume is V=491.582 Å3. However, the space group 

Pmn21 is incompatible with the existence of L-tyrosine in the crystal structure. For interpretation of the 

infrared spectrum the authors assume the presence of -COOH group, which is incorrect. In [23] the authors 

claim on obtaining a new “L-serine zinc acetate” crystal. Without structure determination, the authors 

reported lattice parameters a=14.31 Å, b=5.28 Å, c=10.84 Å, α=90˚, β=100˚, γ=90, and volume 807 Å3 
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with non -Centro symmetric monoclinic space group C. Comparison of these parameters with those of zinc 

acetate dihydrate [27] (a=14.50 Å, b=5.32 Å, c=11.02 Å, α=90˚, β=100.0˚, γ=90, Z=4, space group C2/c) 

show that the crystal “L-serine zinc acetate” is in fact zinc acetate dihydrate. It is not clear how the authors 

could observe SHG in this centrosymmetric crystal. Discussing the thermal properties of the crystal, the 

authors report: “…the exothermic peak of the materials is at 110oC is indicate to melting point of the 

crystal”. The authors consider that melting of a crystal can be exothermic, disregarding the fact that it is an 

endothermic effect caused by dehydration.  

 
Conclusions 
 
In this critique, we have proved that a so-called urea potassium dichromate crystal is in fact potassium 

dichromate. Four more publications by the Chithambaram research group report on questionable and 

improperly characterized crystals. Our present comment once again highlights the importance of single-

crystal structure refinement for new compound characterization. We request all leading journals will make 

reporting of structure determination in the CSD or ICSD database an essential prerequisite for the 

publication of “new crystals”.  

 
Supplementary Material 
 
Deposition Number 2032971 (for 1), contains the supplementary crystallographic data for this paper. These 

data are provided free of charge by the joint Cambridge Crystallographic Data Centre and 

Fachinformationszentrum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/structures. 

 
  



8 
 

 
References  
 
 1] V. Chithambaram, T.S.F. Rajesh, G. Palani, E. Ilango, B. Deepanraj, S. Santhanakrishnan, Growth and 
     investigation of novel nonlinear optical single crystal of urea potassium dichromate by solution growth 
     technique for photonic application, J. Optics. 49, 181–186 (2020) 
 
 2] A.M. Petrosyan, B.R. Srinivasan, Urea oxalic acid is not parabanic acid, Chin. J. Phys. 61, 272–273 (2019) 
 
 3] B.R. Srinivasan, S.G. Naik & A.M. Petrosyan, Comments on the paper "Co-crystals of urea and 
     Hexanedioic acid with third-order nonlinear properties: An experimental and theoretical enquiry",  
    J. Mol. Struc. 1216, 128306 (2020)  
 
 4] S. Swaminathan, B. M. Craven, R. K. McMullan, The crystal structure and molecular  thermal motion 
      of  urea at 12, 60 and 123 K from neutron diffraction, Acta Crystallogr. B40, 300–306 (1984)    
 
 5] S. Harkema, J.H.M. ter Brake, R.B. Helmholdt, Structure of urea-oxalic acid (1/1), CH4N2O·C2H2O4, 
      Determination by neutron diffraction, Acta Crystallogr. C40, 1733–1734 (1984) 
 
 6] V. Videnova-Adrabinska, Symmetry constraints, molecular recognition and crystal engineering.  
     Comparative structural studies of urea-butanedioic and urea-E-butanedioic acid (2:1) cocrystals,  
     Acta Crystallogr., B52, 1048–1056 (1996) 
 
 7] A. Alhalaweh, S. George, D. Boström, S. P. Velaga, 1:1 and 2:1 Urea-succinic cocrystals: Structural diversity, 
     solution chemistry, and thermodynamic stability, Cryst. Growth Design. 10, 4847–4855 (2010)   
 
 8] V. Videnova-Adrabinska, M. C. Etter, Urea-glutaric acid (2∶1) structural aggregates as building 
      blocks for crystal engineering, J. Chem. Crystallogr. 25, 823–829 (1995)   
       
 9] V. Videnova-Adrabinska, Pre-designed structural building blocks of a (1:1) urea–glutaric acid  
      co-crystal, J. Mater. Chem. 5, 2309–2311 (1995)  
  
10] K. Chadwick, R. Davey, G. Sadiq, W. Cross, R. Pritchard, The utility of a ternary phase diagram in 
      the discovery of new co-crystal forms, CrystEngComm. 11, 412–414 (2009) 
 
11] H-S. Chang, J-L. Lin, Urea–adipic acid (2/1), Acta Crystallogr. E67, o1317–o1317 (2011) 
 
12] A.M. Petrosyan, B.R. Srinivasan, On the influence of L-threonine on thiourea and urea on 
       L-threonine, Mat. Res. Innov. 21, 377–378 (2017)      
 
13] B.R. Srinivasan, Z. Tylczyński, Comments on the paper “Growth and characterization of 
      semi-organic nonlinear optical crystal: Urea thiourea cadmium sulfate”, J. Therm. Anal. Calor., 
       121 545–546 (2015) 
 
14] B.R. Srinivasan, On the existence of 'thiourea urea magnesium chloride' and 'urea thiourea 
       sodium chloride', J. Therm. Anal. Calor., 119, 985–988 (2015)   
       
15] B.R. Srinivasan, T.A. Naik, Z. Tylczyński, K.R. Priolkar, Reinvestigation of growth of thiourea 
       urea zinc sulfate crystal, Spectrochim Acta. A117, 805–809 (2014) 
 
16] B.R. Srinivasan, P. Raghavaiah, V.S. Nadkarni, Reinvestigation of growth of urea thiosemi- 
       carbazone monohydrate crystal, Spectrochim Acta. A112, 84–89 (2013) 
  



9 
 

 
17] B.R. Srinivasan, R. Fernandes, Comments on the paper: ‘Crystal growth and comparison of vibrational and 
       thermal properties of semi-organic nonlinear optical materials’, Pramana J. Physics. 86 719–722 (2016) 
 
18] B.R. Srinivasan, A.M. Petrosyan, Comments on “Investigation on novel bulk size single crystal of glycine with 
      metal ions grown by solution growth method for photonic applications”, Mat. Lett. 272, 127884 (2020) 
 
19] C.R. Groom, I.J. Bruno, M.P. Lightfoot, S.C. Ward, The Cambridge Structural Database, Acta  
      Crystallogr.  B72, 171–179 (2016)   
 
20] P. Geetha, K. Satheesh, V. Chithambaram, Growth, Spectroscopic, Dielectric & Electrical studies of  
      Glycine Manganous Acetate Single Crystal. International J. ChemTech Research. 9, 324–333 (2016) 
 
21] R. Vivekanandhan, K. Raju, S. S. J Dhas, V. Chithambaram, Investigation on Novel Nonlinear  
      Optical L-threonine Calcium Chloride Single Crystal Grown by Solution Growth Technique, 
      International Journal of Applied Engineering Research. 13, 13454–13459 (2018) 
 
22] E. Ilango, M. Kothandaraman, V. Chithambaram, Investigation of non linear optical tyrosine  
       cadmium chloride single crystals grown by solution growth technique, J. Materials 
        Science: Materials in Electronics. 29, 9083–9089 (2018) 
 
23] R. Manickam, V. Chithambaram, S. Shanmugan, G. Srinivasan, Optical and Biological 
      investigations of semi-organic L-Serine Zinc Acetate single crystal grown by solution growth 
      technique, International J. Applied Engineering Research. 14, 3429–3434 (2019) 
 
24] J. K. Brandon, I. D. Brown, An accurate determination of the crystal structure of triclinic  
        potassium dichromate, K2Cr2O7, Canad. J. Chem. 46 933–941 (1968) 
 
25] M. Fleck, A.M. Petrosyan, Difficulties in the growth and characterization of non-linear optical  
      materials: a case study of salts of amino acids, J. Crystal Growth. 312, 2284–2290 (2010) 
 
26] A.M. Petrosyan, B.R. Srinivasan, In fact, L-threonine, Chin. J. Phys. 61, 235–237 (2019) 
 
27] J.N. van Niekerk, F.R.L. Schoening, J.H. Talbot, The crystal structure of zinc acetate dihydrate,  
        Zn(CH3COO)2.2H2O, Acta Crystallogr. 6, 720–723 (1953) 
 


