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Determination of tramadol hydrochloride 
and its preparations by acid-base titration 
in non-aqueous medium
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Abstract: Tramadol hydrochloride (TMH) is a centrally-acting synthetic analgesic with μ-opioid receptor agonist activity, and is a 
widely prescribed analgesic used in the treatment of moderate to severe pain and an alternative to opiates. Two simple, 
rapid, reliable, precise and accurate and cost-eff ective non-aqueous titrimetric procedures have been developed for 
the determination of TMH in bulk drug and its pharmaceutical formulations. The methods are based on the titration 
of the drug in glacial acetic acid in the presence of mercuric acetate with acetous perchloric acid to the visual end 
point, using crystal violet as indicator and to the potentiometric end point. The methods were applicable over the 
range of 1-20 mg TMH. The procedures were also applied for the determination of TMH in its dosage forms and the 
results were found to be in a good agreement with those obtained by the reference method. The precision results, 
expressed by intra-day and inter-day relative standard deviation values, were satisfactory (RSD < 2.0%). The accuracy 
was also satisfactory (RE ≤ 1.76%). Excipients used as additives in pharmaceutical formulations did not interfere in the 
proposed procedures as shown by the recovery study via standard addition technique with percentage recoveries 
in the range 98.36-107.3 % with a standard deviation of ≤ 1.34 %.
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chromatography-densitometry [8], capillary isotechophoresis 
[9], ion-selective electrode based potentiometry [10-
16], adsorptive stripping voltammetry [17], square wave 
voltammetry [18], uv-spectrophotometry [4, 19, 20], fl ow 
injection chemiluminescence spectrophometry [21] and visible 
spectrophotometry [22-24]. Most of the methods [4-18] are 
defi cient on simplicity, cost-eff ectiveness and easy accessibility. 
The reported visible spectrophotometric methods, besides 
being less sensitive, require heating at 60°C for 40 min [22], 
involve careful adjustment of experimental conditions being 
kinetic methods, [23] or require close pH control and liquid-
liquid extraction with organic solvent [24].

Titrimetry is still widely used in analytical chemistry for its 
superior speed and simplicity with little sacrifi ce in accuracy 
and precision. TMH is present in relatively large amounts 
(50 and 100 mg per tablet) in pharmaceutical formulations. 
Moreover, the instrumental method is generally not as accurate 
and precise as the titrimetry in macroanalysis. In spite of these 
advantageous features, titrimetry has not been applied for the 
assay of TMH in pharmaceuticals.

In the present paper, two simple, rapid, accurate and precise 
titrimetric methods are presented for the assay of TMH in 
pure drug and in dosage forms. The methods involve the 
titration of the acetous drug solution with acetous HClO4 
in the presence of mercuric acetate, and the end point being 
determined either visually using crystal violet as the indicator 
or potentiometrically using the glass modifi ed saturated 
calomel electrode (SCE) system. The method validation was 
studied and the validated methods applied to determine the 
drug in diff erent TMH preparations with good recoveries and 
high precision.
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INTRODUCTION

Tramadol hydrochloride (TMH), chemically known as (1R, 
2R)-rel-2-[(Dimethylamino)methyl]-1-(3-methoxyphenyl)cy -
clohexanol, is a synthetic analogue of codeine. It is a centrally-
acting analgesic agent [1]. It has been in use since 1977 for 
relief of severe physical pain and has been the most widely 
sold opioid analgesic drug in world [2], offi  cially listed in the 
British Pharmacopoeia [3].

Figure 1 Structure of TMH.
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Because of its wide use, several techniques have been 
reported for its assay in pharmaceuticals and include high 
performance liquid chromatography [4-7], thin-layer 
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EXPERIMENTAL

Apparatus. An Elico 120 digital pH meter provided 
with a combined glass-SCE electrode system was used for 
potentiometric titration. The KCl of the salt bridge was replaced 
with saturated solution of KCl in glacial acetic acid.

Reagents and Standards. All chemicals used were of analytical 
reagent grade. All solutions are made in glacial acetic acid (S. 
D. Fine Chem, Mumbai, India) unless otherwise stated.

Perchloric Acid ( 0.01 M). A stock solution of (~0.1 M) 
perchloric acid (S. D. Fine Chem, Mumbai, India) was diluted 
appropriately with glacial acetic acid to obtain a working solution 
of 0.01 M perchloric acid, and standardized with pure potassium 
hydrogen phthalate and crystal violet as indicator [25].

Crystal violet indicator (0.1%). Prepared by dissolving 50 
mg of dye (S. D. Fine Chem, Mumbai, India) in 50 mL of 
glacial acetic acid.

Mercuric acetate solution (3%). Three grams of the pure 
Hg (OAc)2 (Merck,Mumbai,India) was dissolved in 100 mL 
of glacial acetic acid, fi ltered and used.

TMH Standard drug solution (2mgml-1). Stock standard 
solution containing 2 mg mL-1 of the drug was prepared by 
dissolving the required amount of TMH (Jubiliant Organosys 
Pvt.Ltd.,Mysore,India) in glacial acetic acid.

PROCEDURES

Visual Titration (Method A). An aliquot of the drug solution 
containing 1.0-20.0 mg of TMH was measured accurately and 
transferred into a clean and dry 100 mL titration fl ask and 
the total volume was brought to 10 mL with glacial acetic 
acid. Then, 3 mL of 3% Hg (OAc)2 was added, the content was 
mixed, and after 2 min, two drops of crystal violet indicator 
were added and titrated with standard 0.01 M perchloric acid 
to a blue end point. The amount of the drug in the measured 
aliquot was calculated based on the formula:

Amount(mg) =
 VMwR

                                  n

where V = volume of perchloric acid required, mL; Mw = 
relative molecular mass of the drug; and R = molarity of the 
perchloric acid and n = number of moles of perchloric acid 
reacting with each mole of TMH.

Potentiometric Titration (Method B). An aliquot of the 
standard drug solution equivalent to 1.0-20.0 mg of TMH was 
measured accurately and transferred into a clean and dry 100 
mL beaker and the solution diluted to 25 mL by adding glacial 
acetic acid followed by the addition of 3 mL of 3% Hg(OAc)2. 
The combined glass-SCE (modifi ed) system was dipped in 
the solution. The content was stirred magnetically and the 
titrant (0.01 M HClO4) was added from a microburette. 
Near the equivalence point, the titrant was added in 0.05 
mL increments. After each addition of titrant, the solution 
was stirred magnetically for 30 s and the steady potential 
noted. The addition of titrant was continued until there was 
no signifi cant change in potential on further addition of 

titrant. The equivalence point was determined by applying 
the graphical method. The amount of the drug in the measured 
aliquot was calculated as described under visual titration.

Procedure for Tablets. Four brands of tablets, namely, 
Tramazac-TC 100 (Zydus Alidac Pvt Ltd., Bangalore, India), 
Contramol-DT (Piramal Healthcare), Cemadol 50 CR (Life 
Medicare & Biotech Pvt. Ltd., Haridwar, India), Trambax 50 
Oro-Dispersible (Ethypharm LL Pvt. Ltd., Ambarnath (W), 
Thane, India) were purchased from the local commercial 
sources and used in the investigation.

Twenty tablets were weighed and ground into a fi ne powder. 
An amount of powder equivalent to 100 mg of TMH was 
weighed accurately into a 100 mL calibrated fl ask, 70 mL of 
glacial acetic acid was added and shaken for about 20 min. 
Then the volume was made upto the mark with glacial acetic 
acid, mixed well and fi ltered using Whatmann No 42 fi lter 
paper. The fi rst 10 mL portion of the fi ltrate was discarded. 
A 10ml aliquot of the fi ltrate was next subjected to analysis 
by titrimetry as described earlier.

RESULTS AND DISCUSSION

The present methods are based on the neutralization 
reaction involving the basic property of TMH and employ 
two equivalence point detection procedures. 

Acetic acid displays acidic properties in dissociating to 
produce protons [26]:

CH3COOH  CH3COO– + H+

But in the presence of perchloric acid, a far stronger acid, 
it will accept a proton:

CH3COOH + HClO4  CH3COOH2
+ + ClO4

–

2CH3COOH2
+ + 2CH3COO–  4CH3COOH

The CH3COOH2
+ can very readily give up its proton to 

react with a base, therefore the basic properties of a base 
are enhanced and hence, titration between weak base and 
perchloric acid can often be accurately carried out using acetic 
acid as solvent.

Since, the TMH is a hydrochloride, which is a very weakly 
basic, it cannot react quantitatively with acetous perchloric acid. 
In order to overcome this problem, mercuric acetate was added 
(which remains undissociated in acetic acid solution) to TMH 
solution, thereby causing the replacement of the chloride ion 
by an equivalent amount of acetate ion which serves as a strong 
base in acetic acid as, shown in the scheme given below:
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Scheme Possible reaction scheme for the neutralization.

TMH+ + Cl– + (CH3COO)2Hg + HClO4  (TMH+.ClO4
–) +

+ HgCl2 + 2CH3COOH
                      (undissociated)
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The enhanced basicity of TMH in acetic acid medium 
is due to the non-levelling eff ect of acetic acid and the 
determination of TMH is very easier. The procedures involve 
the titration of TMH with perchloric acid with visual and 
potentiometric end point detection. Crystal violet gave 
satisfactory end point for the concentrations of analyte and 
titrant employed. A steep rise in the potential was observed 
at the equivalence point with potentiometric end point 
detection (Fig. 1). With both methods of equivalence point 
detection, a reaction stoichiometry of 1:1 (drug:titrant) was 
obtained which served as the basis for calculation. Using 0.01 
M perchloric acid, 1.0-20.0 mg of TMH was conveniently 
determined. The relationship between the drug amount and 
the titration end point was examined. The linearity between 
two parameters is apparent from the correlation coeffi  cients of 
0.09976 and 0.9984 obtained by the method of least squares 
for visual and potentiometric methods, respectively. From this 
it is implied that the reaction between TMH and perchloric 
acid proceeds stoichiometrically in the ratio 1:1 in the range 
studied.

Method optimization and repeatability precision. In both the 
methods, the optimum amount of mercuric acetate required 
was studied by varying its amount and fi xing the drug amount 
constant, followed by the measurement of the stoichometric 
amount of drug found in each case. It was found that a 3 mL 
of 3 % Hg(OAc)2 was suffi  cient for complete replacement of 
chloride in the drug by acetate, and the same amount was used 
through out the investigation.

Intra-day and inter-day accuracy and Precision. The precision 
of the methods was evaluated in terms of intermediate 
precision (intra-day and inter-day). Three diff erent amounts 
of TMH within the range of study in each method were 
analyzed in seven and fi ve replicates in method A and method 
B, respectively, during the same day (intra-day precision) 
and fi ve consecutive days (inter-day precision). For inter-day 
precision, each day analysis was performed in triplicate and 
pooled-standard deviation was calculated. The RSD values 
of intra-day and inter-day studies for TMH showed that the 
precision of the methods was good (Table 1). The accuracy of 
the methods was determined by the percent mean deviation 
from known amount (Table 1).

Robustness and ruggedness of methods.The robustness of 
the methods was evaluated by making small incremental 
changes in volume of Hg(OAc)2 and the eff ect of the changes 
was studied by calculating the mg TMH found. The changes 
had negligible infl uence on the results as revealed by small 
intermediate precision values expressed as % RSD (< 3%).

Method ruggedness was expressed as the RSD of the same 
procedure applied by four diff erent analysts, as well as using 
four diff erent burettes. The inter-analysts RSD were within 
2.22%, whereas the inter-burettes RSD for the same TMH 
amount were less than 2.63%, suggesting that the developed 
method was rugged (Table 2).
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Figure 1 Potentiometric titration curves for 20 mg TMH Vs 0.01 M HClO4.

Table 1 Intra-day and inter-day accuracy and precision data.

 Method TMH Intra-day accuracy Inter-day accuracy
  taken, and precision and precision

  
mg

 TMH RE, RSD, TMH RE, RSD,
   found, % % found, % %
   mg   mg

 Visual  5.0  5.05 1.00 1.10  5.06 1.20 1.56
 titrimetry,  10.0 10.17 1.70 0.44  9.90 1.00 1.23
 (n=7) 15.0 15.25 1.66 0.60 14.89 0.73 1.20

 Potentiometric  5.0  5.08 1.66 0.95  4.96 0.80 0.98
 titrimetry 10.0 10.10 0.98 0.86 10.05 0.50 1.06
 (n=5) 15.0 15.11 0.73 0.88 15.10 0.67 1.56

RE. relative error, RSD. relative standard deviation

Table 2 Method robustness and ruggedness expressed as 
intermediate precision (% RSD).

 Method TMH Robustness Ruggedness

  
taken,

 Volume of Inter-analysts Inter-instruments
  

mg
 Hg(OAc)2* (%RSD), (%RSD),

    (n=4) (n=4)

 Visual  5.0 1.42 2.22 2.36
 titrimetry 10.0 1.20 2.10 2.63
  15.0 2.10 1.99 2.52

 Potentiometric  5.0 1.20 1.22 2.13
 titrimetry 10.0 1.56 1.36 1.76
  15.0 1.98 1.56 1.59

* The volume of Hg(OAc)2 varied were 2.8, 3.0 and 3.2 mL
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APPLICATION

The described titrimetric procedures were successfully 
applied for the determination of TMH in its pharmaceutical 
formulations. The same batch tablets were also assayed by the 
reference method [20] for comparison. The reference method 
consisted of the UV-spectrophotometric measurement of 
TMH in water at 271 nm. The results obtained by the proposed 
methods agree well with those of the reference method 
and with the label claim. The results were also compared 
statistically by Student’s t-test for accuracy, and by a variance 
F-test for precision [27], with those of the reference method at 
95 % confi dence level as summarized in Table 3. The results 
showed that the calculated t-and F-values did not exceed the 
tabulated values, inferring that the proposed methods are as 
accurate and precise as the reference method.

CONCLUSIONS

Two rapid and simple acid-base titrimetric procedures in 
non-aqueous medium have been developed, optimized and 
validated for the quantitative estimation of TMH. Acceptable 
assay precision and accuracy were obtained over a wide range 
of amounts (mg) in both methods. Assay results indicated 
that there was no interference from the excipients, additives 
and diluents commonly added to dosage forms. The methods 
could serve as useful tool for the rapid analysis of bulk drug and 
formulations, and thus show great potential as an alternative 
to expensive instrumental techniques.
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