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Highlights 
 
 

 Iron doping in sodium para-nitrophenolate dihydrate (1) crystal is reexamined. 
 

 
 Addition of ferric solution into (1) results in precipitation of hydrous iron oxide. 

 
 

 Sharp signals in 1H NMR spectrum confirm the absence of ferric iron. 
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Graphical Abstract 
 
In view of immediate precipitation of an insoluble brown hydrous iron(III) oxide on addition of ferric 

solution into aqueous sodium para-nitrophenolate dihydrate (1), iron cannot be doped in (1). 
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Abstract 
 
In this study we examine a case of iron doping in sodium para-nitrophenolate dihydrate single crystal 

recently reported by Dalal and Kumar (Mater. Lett. 165 (2016) 99-102). We show that, addition of 

ferric (Fe3+) ions into an aqueous solution of sodium 4-nitrophenolate dihydrate (1) results in 

immediate precipitation of an insoluble brown hydrous iron(III) oxide, which precludes any doping 

(incorporation) of iron in (1).  The crystals grown after filtering the precipitate show a negative spot 

test for iron and exhibit sharp proton resonances in the 1H NMR spectrum proving no incorporation of 

iron in (1). In addition to highlighting the importance of the reactive chemistry of the dopant and the 

host for crystal growth from solution, we show that ferric ions cannot be doped into a host material 

whose aqueous solution is alkaline.    
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1. Introduction 
 
Doped crystals are an important class of materials and hence the study of their growth, 

characterization and properties is a current area of research in materials science. Although many 

claims of growth of doped crystals have appeared in the scientific literature, it has often been 

observed that the successful incorporation of the dopant has not been proved in many cases for 

example a claim of iron doping by Dalal and Kumar [1]. As part of our contributions in this area [2-

4], we have demonstrated the importance of the compatibility of the crystal structures of the dopant 

and the host material [2, 3] as well as the reactive chemistry of the dopant with the host [4] for growth 

of doped crystals.  

 
With a view to address the above matter and highlight the importance of the chemistry of the dopant 

with the host under the crystal growth conditions, we have chosen ‘iron doping’ for the present study. 

In an earlier paper Dalal and Kumar [1] have reported to have doped ferric iron in sodium para-

nitrophenolate dihydrate (1) single crystal by slow evaporation solution growth. Incorporation of Fe3+ 

ion as dopant in a Na+ host crystal can be expected to lead to a charge imbalance and no explanations 

were offered for overcoming this phenomenon. In addition, there are no reports of any structurally 

characterised para-nitrophenolate compound of iron in the Cambridge Structure Database (CSD) till 

date [5]. A survey of the literature reveals that (1) is a well studied crystalline material [6-11], but 

there are no reports of doping of any metal ions in (1). In view of the above mentioned facts as well as 

the discovery of a remarkable enhancement in the dielectric, piezoelectric, ferroelectric and SHG 

properties of sodium para-nitrophenolate dihydrate (1) due to iron doping by Dalal and Kumar [1], 

we reexamined the growth of iron doped (1) to understand the phenomenon of iron doping. The 

results of these studies are described in this communication.  

 
2. Materials and methods  
 
All the chemicals used in this study were of reagent grade and were used as received without any 

further purification. Crystal growth studies were performed on a ~2 gram scale of sodium para-
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nitrophenolate dihydrate (1). Pure crystals of (1) were prepared by the reaction of para-nitrophenol 

with NaOH in 1:1 mole ratio as per reported methods [7, 8]. 1H NMR spectra were recorded on a 400 

MHz Bruker (Avance) FT NMR spectrometer using D2O as solvent.  

 
3. Experimental 
 
Sodium para-nitrophenolate dihydrate (1.97 g, 10-2 mol) was dissolved in ~120 ml of double distilled 

water (solution 1) and the pH of this yellow solution was ~10. In another beaker Fe(NO3)3∙9H2O 

(0.008 g, 1.98 x 10-5 mol) was dissolved in ~1 ml of double distilled water (solution 2). Solution 2 

was added dropwise into solution 1. This immediately resulted in the formation of an insoluble brown 

precipitate. The precipitate was filtered off and the clear filtrate was allowed to crystallise by slow 

evaporation method. No special efforts were taken to grow large crystals. The crystalline product (1-

R) thus obtained was washed well with cold water and air dried (yield = 1.7 g). The label (1-R) is 

given to show that this is the reinvestigated product.   

 
4. Results and Discussion  
 
In the present investigation, we studied the crystal growth on a 0.01 mol scale using i) ~2.0 grams of 

(1) and ii) the same dopant viz. ferric nitrate. However, no details of the quantities of reagents 

employed, the amount of solvent used for crystal growth and the final yield were given for the growth 

of Fe doped crystal of (1) by Dalal and Kumar [4]. In our study, 0.008 g of ferric nitrate nonahydrate 

amounting to 0.02 mol% of Fe dopant for 0.01 mol of the host crystal was used for crystal growth. 

We performed the experiment using both water and alcohol as solvent and in both cases same results 

were obtained. Dropwise addition of an aqueous solution of ferric nitrate into an aqueous solution of 

pure sodium para-nitrophenolate dihydrate resulted in the immediate formation of an insoluble brown 

precipitate, the amount of which increases with more addition of iron solution (Fig 1). After filtration 

a clear yellow filtrate, whose colour is same as that of pure crystals of (1) in water was obtained. Slow 

evaporation of the filtrate afforded yellow crystals.  
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In this context we wish to mention that Dalal and Kumar [1] did not report any precipitate formation. 

Our results can be correctly explained to the formation of hydrous iron(III) oxide in an alkaline 

medium, which is a characteristic property of ferric ions in aqueous solution and described in all 

standard chemistry text books [12]. Dissolution of the brown precipitate in dilute HCl followed by 

reaction with aqueous ammonium thiocyanate resulted in an intense blood red coloration proving the 

presence of Fe(III) in the precipitate [13]. The precipitate accounted for all the iron(III) employed in 

the crystal growth reaction. Thus our study reveals that iron(III) added in the reaction mixture is NOT 

doped, but completely thrown out from the reaction medium as hydrous iron(III) oxide. Since no iron 

doping has taken place, there can be no remarkable enhancement in dielectric, piezoelectric, 

ferroelectric and SHG properties of 1. 

 
In view of the above mentioned, the crystalline product (1-R) grown from the filtrate showed no 

coloration whatsoever with aqueous thiocyanate solution and gave a negative test. Since, the 

thiocyanate reaction is a characteristic spot test to detect trace amounts of iron (sensitivity 0.25 μg) 

[13] the presence of any trace iron(III) in (1-R) can be conveniently ruled out. To further prove the 

absence of iron, (1-R) was investigated by 1H NMR spectroscopy. The spectrum exhibits a 

characteristic AA'BB' pattern for the aromatic protons of the para-nitrophenolate moiety (Fig. 2). As 

it is well known that paramagnetic impurities broaden NMR signals [14, 15], the observed sharp 

resonances unambiguously prove the absence of any iron(III) in (1-R). In accordance with this, the 

NMR spectrum of (1-R) is identical to the spectrum of pure crystals of (1). The authors had reported 

that the IR spectrum of the pure material is same as that of a so called iron doped crystal which can 

now be correctly explained due to the absence of any iron(III) since (1) and (1-R) are one and the 

same material. The non-incorporation of iron(III) in (1) is not at all surprising since it is well known 

that ferric remains in solution only in strongly acidic medium as [Fe(H2O)6]3+. In contrast, an aqueous 

solution of (1) which is a salt of weak acid and strong base is quite alkaline (pH ~10). Thus the 

reactive chemistry of iron rules out any doping. Although Dalal and Kumar [1] reported that “In 

EDAX analysis the presence of iron in FSPNPD crystal was confirmed, but due to the small amount 

of iron nitrate, it is difficult to quantify iron in a crystalline matrix” we opine that an EDAX study is 
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no confirmatory proof for doping. The improper use of EDAX for characterising doped crystals has 

been recently highlighted [16]. The EDAX claim of Dalal and Kumar [1] can be better explained due 

to trace amounts of hydrous iron(III) oxide on the crystal surface and not due to any doping.  

 
Although the title crystal sodium para-nitrophenolate dihydrate (1) has been the subject of several 

investigations [6-11], Dalal and Kumar were the first to report a claim of discovery of ferroelectric 

properties for pure crystals of (1) by presenting unsaturated elliptical P-E loop at room temperature 

[1]. According to Dalal and Kumar Fe doping in (1) resulted in a remarkable enhancement of the 

ferroelectric, piezoelectric and SHG properties. In recent papers [17, 18] it has been shown that the 

elliptical P-E loops reported by Dalal and Kumar are very typical of dielectric loss and not due to any 

ferroelectric properties. In addition, Tylczynski [18] had reported that a tenfold enhancement in the 

value of the piezoelectric coefficient is just impossible due to iron doping and attributed this to 

measurement error. The present findings which prove no incorporation of iron in 1, unambiguously 

confirms that the earlier reported claim of enhancement of ferroelectric, piezoelectric and SHG 

properties of iron doped sodium 4-nitrophenolate dihydrate is untenable. 

 
5. Conclusions 
 
In summary, we prove Fe(III) ions cannot be doped in sodium para-nitrophenolate dihydrate single 

crystal with the aid of simple chemical tests and NMR spectroscopy. The present case study 

demonstrates the importance of the reactive chemistry of dopant and host for growth of doped crystals 

from solution and shows that iron doping cannot be performed in crystalline materials whose aqueous 

solutions are alkaline in nature.  
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Fig. 1 Addition of ferric solution results in the formation of brown hydrous iron oxide. For a complete 
sequence of the crystal growth reaction see Fig. S1.   
 
 
 
 

 
 
Fig. 2 1H NMR spectrum (400 MHz) of (1-R) in D2O showing a typical AA'BB' pattern. For clarity, 
the resonances of the AA'BB' pattern is expanded and shown as inset. The intense signal at δ = 4.695 
ppm is due to the residual protons of D2O.  
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SUPPLEMENTARY MATERIAL ONLINE VERSION 
 
 
In the following pages we provide visuals (Fig. S1) of the addition of ferric ions resulting in 

immediate formation of the insoluble hydrous iron oxide. The formation of brown precipitate is very 

much in accordance with the chemistry of iron. In support of this chemistry we provide evidence from 

ref. 12 which is a standard text book.    

 
Filtration of the reaction mixture results in a clear filtrate and the brown precipitate on the filter paper 

which accounts for all of the iron employed in the crystal growth reaction. experimental chemistry of 

the crystal growth reaction. The test employed to prove the presence of iron in the precipitate is a very 

sensitive test. For details Ref. 13 is attached as the last page. 
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Given below is the sequence of events that occur when ferric ions are introduced into an aqueous 

solution of sodium para-nitrophenolate dehydrate (Fig S1a). Addition of Fe+3 ions results in 

immediate precipitation of the hydrous iron oxide the amount of which increases progressively with 

addition of more Fe+3. (Middle row Fig. S1b). After filtration, a clear solution (Fig. S1c) is obtained 

alongwith the insoluble matter on the filter paper (Fig. 1d).  Slow evaporation results in formation of 

1-R described in the experimental.  

 
 

  

 

  

  (a)   
     

  
  (b)   
     

  
 

(c) (d) (e) 
     

Fig. S1 (a) An aqueous solution of sodium para-nitrophenolate dihydrate (solution 1); (b) Dropwise 
addition of ferric nitrate solution into aqueous sodium 4-nitrophenolate dihydrate results  in the 
formation of brown precipitate; (c) filtrate after removal of brown precipitate; (d) Brown precipitate 
on the filter paper; (e) 1-R 
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Page 1265 from Ref. 12 “N.N. Greenwood, A. Earnshaw, Chemistry of the Elements, is given below 
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Page 128 from Ref. 13 “G. Svelha, Vogels’s Qualitative Inorganic Analysis, is given below 
 

 
 


