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Abstract 0 Physical constants and purity determinations are given 
for 115 drug substances. Phase solubility analysis, differential 
scanning calorimetry, and chromatographic data are reported. 
High-low TLC, which has emerged as a useful, if imprecise, tool 
for purity approximation, is described. The concept of purity profile 
is discussed and examples are given; general observations on the 
utility of methods are made based on cumulative experience. 
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As a service to pharmaceutical analysts, useful phys- 
ical constants and purity profile data are recorded here 
for samples of 115 drug substances, which were ex- 
amined as candidates for adoption or continued official 
recognition as reference standards by either the USP 
or the NF. General observations on the purity-indi- 
cating methods are offered based on extensive experi- 
ences with this large number of drug substances. Such 
broad experience is rare in purity-indicating method- 
ology, and these observations may be of value to ana- 
lysts in preparing purity profiles. 

These are not the only data available to the USP or 
the N F  in connection with evaluation of candidates 
for recognition as standards. Moreover, these data do 
not represent the full scope of this laboratory's con- 
tribution to the USP and NF programs; notably, no 
results of monograph tests and assays are reported here. 
The samples cannot be presumed to have been found 
acceptable when evaluated here or in the collaborating 
industrial and governmental laboratories. Only data 
generated by this laboratory are reported. 

METHODS AND MATERIALS 

Phase Solubility A ~ l y s l s  (PSA)-Collection and interpretation 
of PSA data were described fully elsewhere (1). The usual procedure, 
described in NF XI11 (2), consists of charging eight ampuls which 
are then flame sealed and rotated end-over-end at 25" for 2 weeks. 
Initial solubility data are obtained occasionally by the method of 
Reilly and Rae (3), but most often by the approximate method de- 
tailed here. Supernates are examined for evidence of decomposition, 
when deemed necessary, by TLC. Nitrogen-sparged or degassed 

1 About IS Z of these were not suitable for reference standard usage. 
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solvents are used for easily oxidized compounds. 
Results from a PSA experiment may be evaluated graphically or 

by the least-squares best-fit treatment which affords acontidence 
range (1). Arbitrary confidence classes are assigned (Table I) based 
partly on that calculation and partly on experienced inspection of 
the graph. Extrapolated solubility values in pure solvents or in 
azeotropes are accurate within 0.3 mg./g. for Classes A€; mixed 
solvents, however, introduce yet another variable. With respect to 
the testing strategy, these classes have the following meanings: A 
or B, almost conclusive or strong evidence of the (im)punty of a 
sample; C. good evidence, but requires several supporting data; 
and D, possibly useful as supporting evidence in conjunction with 
strong alternative evidence. Where an adequate number of tubes' 
is used, a poor confidence rating may reflect either minor sohte 
decomposition in that solvent or inadequate equilibration or drying 
time. Similarly, solid solutions of the solute with its impurities may 
be revealed so that an alternative approach is needed. Points near 
the intersection of the graphical 45 O line and the saturation line, i.e., 
those with sample charges less than 2Ox above the solubility, 
occasionally have been found to reflect higher apparent solubility 
which can lead to purity values in excess of 100%; this can arise 
from two interrelated phenomens: failure to reach equilibrium and 
the known higher solubility of fine particles. 

Some PSA data listed in Table I were reported earlier ( I )  from 
this laboratory but are repeated here to support the evaluation of 

Approximate Solubility-This method is not as rapid as some 
other approximate methods, but it is much more conservative of 
the sample, which is often a consideration with high purity drugs. 
It does not require assay of the solution and is designed specifically 
to identify solvents for PSA rather than to establish sample solubility 
in a given solvent. The resultant value is usually fl mg./g. of the 
actual value determined by solubility analysis. 

Accurately weigh about 30 mg. of sample into a screwcapped 
test tube and add three 1.0-ml. increments of the candidate solvent 
by pipet, mixing on a vortexcausing mixer after each addition. 
Solubility levels of 30.15, and 10 mg./ml., respectively, are revealed. 

If the sample dissolves immediately in 1 ml. or does not dissolve 
appreciably in 3 ml., this solvent is ruled out for solubility analysis. 
If the sample is almost dissolved at any of the three increments, 
place the stoppered tube in a 25' bath overnight and then observe 
the extent of solution. At this point, solubility values of about 10, 
15, or 30 mg./ml. or values lying between 10 and 15 or between 
15 and 30 mg./ml. are identdled. Prepare one or two additional 
tubes, each containing 1 ml. of solvent. The addition of 12.5 mg. of 
sample will allow definition of solubility in the 10-15-mg./ml. 
range after standing at 25" overnight; similarly, a 22.5-mg. sample, 
followed by yet another intermediate sample, allows determination 
of approximate solubility in the lS-U)-mg./ml. range. A total of 
three tubes is usually sufficient, and analyst experience normally 
allows even more simplification. Correction for solvent density is 
not made in selecting sample and solvent weights for charging the 
PSA tubes. 

high-low TLC. 

'Adequate with respect to the lateau values used in least-squares 
calculation. .The number (n) used for the entries in Table I IS coupled 
with the assigned confidence class. The data are. for practical purposes, 
univariant and calculated accordingly. 



Tbennoanalytid Purity*-Estimations of purity from melting 
behavior are made by the modified, integrated Van't Hoff relation- 
ship presented by Gray (4) for use with thermograms recorded by 
dHe.rential scanning calorimetry (DSC) instruments. Temperature 
correction using the slope of the indium endotherm is always ap- 
plied. Usually the sealed pans offered by the manufacturers are 
used, but a nitrogen environment is needed for some compounds. 
Work in this laboratory' has revealed no significant or predictable 
difference in estimates of impurities where thermograms from the two 
commercial systems were handled in similar fashion. The published 
baseline corrections are not necessary for these purposes and are not 
included in the entries in Table I. This same observation was made 
independently by other workers'. 

In Table I, TO is the extrapolated thermodynamic melting point 
relative to indium. Separate calibration is needed to express these 
values in terms of the USP-NF melting range because the methods 
are substantially different. There is no significance to the fact that a 
given To, converted to Celsius, falls within or outside monograph 
limits. 

The AHf values for ultrapure compounds are reproducible (5) 
with an internal precision of about 2% by quantitative differential 
thermal analysis (DTA). Few of the compounds here are ultrapure, 
and it is known that the AH/ values obtained depend on the sample 
purity; therefore, these data are not to be construed as highly 
accurate thermodynamic constants even though they may be the 
best values available. For this same reason, values with defined 
internal precision were not collected. All these values are corrected 
for premelt and are based on AH, indium = 6.78 cal./g. 

Qualitative TLC-Commercial, precoated glass plates or alumi- 
num sheets are used exclusively. Silica gelo is the most common 
adsorbent, but neutral alumina and microcrystalline cellulose 
(MN-254) are also used. Four systems are developed for each drug 
substance and, because most are ionizable, the usual practice is to 
identify both acidic and basic developing solvents. Systems giving 
Rj 0.3-0.7 for the main spot are preferred. Three visualization 
techniques are identified. Nonreactive solvents are used where 
possible'. Artifact identification is made by: (a) spotting fresh and 
day-old solutions, and (b) two-dimensional TLC, involving wetting 
of the main spot of the first chromatogram with spotting solvent, 
drying, turning, and then developing the second chromatogram. 
Total spots listed in Table I reflect all four or three out of four 
systems, corrected for artifacts revealed by two-dimensional TLC. 
This allows reasonable estimation of the number and type of im- 

General High-Low TLC Procedure -Sample Solurion-Repare 
a sample solution in a suitable solvent at a concentration of about 
10 mg./ml. Nonreactive solvents are necessary, preferably degassed 
or nitrogen sparged. Dilute portions of this solution to concentra- 
tions of 1 and 0.5 mg./ml. These directions are general, and oc- 
casional solubility problems require their modification. Usually it is 
possible to apply 220 mcg. or more of drug sample and not exceed 
25 pl. sample volume. 

Reference Solurion-A 10-mg./ml. solution of the specified 
reference standard in the same solvent is used to compare the 
identity of subsequent batches of the same drug substance. 

Preparation-Divide a suitable TLC plate, 20 cm. square, coated 
with a 0.25-mm. layer of chromatographic silica gel mixture, into 
three parts: 2.2, and 16 cm. in width. Spot 2 pl. of the reference 
standard solution (if available) in the first division on a line 1.5 cm. 
from the lower edge of the plate, spot 20 pl. (or largest volume 
to be spotted) of solvent in the second, and spot volumes equivalent 
to 250 (200, 100), 10,5,3,2,1, and 0.5 mcg. of the sample in the last, 
taking care to obtain Comparable starting spots. Allow the plate 
to develop in a suitable chamber, usually lined with filter paper, 
which has been allowed to equilibrate at least 1 hr. with the 
specified developing solvent. 

When the solvent reaches a height of 15 cm. from the origin, 
remove the plate from the chamber and air dry. Locate and corn- 

purities. 

s Two commercial instrumental systems are used in this laboratory, 
the Perkin-Elmer DSC-1B and the DuPont 990 thermal analysis system. 

4 Drug Standards Laboratory, unpublished comparauve study. ' D. L. Sondack. T. E. Cole, and J. K. Frishmann, personal com- 
munication. 

4 Merck F154. 
'Acetone reacts with many dru s and is rarely used as a spotting 

solvent, although it is a common sofubility test for identity. 

pare spots and relative intensities under long- and shortwave UV 
light. Spray with 0.5% 1% in chloroform and again rate the relative 
intensities of spots. Allow the iodine vapors to dissipate. Spray 
with 40% Ha01 in methanol and view under a UV handlamp. 
Heat the plate and again view under UV light. For each visualiza- 
tion, estimate the relative abundance of spots as follows: compare 
each impurity spot in the 250-mcg. sample spotting to the main 
spots from the 0.5-10-mcg. spottings and assign a value to the rela- 
tive intensities. For example, 0.4% impurity in the 250-mcg. sample 
has an intensity equivalent to  the 1-mcg. main spot: (1 mcg./250 
mcg.) X 100 = 0.4%. A densitometer may be used for these com- 
parisons. Compare the reference standard mobility to that of the 
10-mcg. sample spotting as an identity test. In most cases, acid- 
base indicators, ninhydrin, or DragendorR sprays are used in this 
scheme. The 20@ and 100-mcg. spottings are useful where there is 
evidence of overloading at the 250-mcg. level. Smaller spottings 
often are not visualized by one or more of the methods, so sen- 
sitivity estimates must be revised. 
High Reawre Liquid Chromatography-An instrument' fitted 

with a gradient elution accessory is used with 1.0-m. X 2.1-mm. 
stainless steel columns. Commercial, coated packings with chem- 
ically bounded phases' are used usually with hydroalcoholic eluants 
in a reversed phase, gradient elution mode. Temperatures between 
30 and 50" are employed at pressures up to 80 atm. to obtain flow 
rates between 0.5 and 1.5 ml./min. Only the low pressure mercury 
line, 254-nm., detector was used for the drugs reported herein. 
Drugs were dissolved wherever possible in one of the eluting sol- 
vents, 10-30 mg./ml., just prior to *tion of 10-100-mcg. samples. 

GLC-A temperature-programming instrumentlo is used with 
flame-ionization detectors. Only the relatively inert methyl and 
methylphenyl silicones (OV-I, OV-17, and 0V-61)11 on silanized 
diatomite are used after curing and conditioning, as instructed in 
the General Tests section of N F  XI11 (2). 

DISCUSSION 

The objective of this laboratory's examination of these samples is 
to allow an independent recommendation to the compendia as to 
the suitability of a sample for adoption or continued recognition as 
a standard. To accomplish this goal, it is not deemed necessary to 
discern precisely and reliably between, say, 0.3 and 0.4X impurity; 
rather, it is important to recognize samples containing, for example, 
1% or greater impurities, to detect an increase in impurities of a 
few tenths-percent in a sample during storage, or to identify relative 
differences in impurity contents of subsequent batches of the same 
drug. Thus, those obvious experimental enlargements leading to 
more precise values are not pursued once information adequate to 
the objective is in hand. The data presented here, on the whole, 
are to be considered as having moderate precision. 

Purity estimates should not be based on a single type of data. No 
method is universally applicable or reliable. Purity values ob- 
tained are in different units (mass or mole purity, visualization 
response, flame-ionization response, 254-nm. absorptivity, etc.), 
and these measurement units can be interconverted only where the 
identity, properties, and proportions of all impurities are known. 
Such thorough dehition is unusual and seldom valuable and is not 
the case for the samples listed here. 

The individual purity-indicating data converge to establish a 
profile of purity. It is this profile of purity that is meaningful and 
that permits decisions about the scope of analytical utility of a given 
sample. 

There is no practical value to reconciling differences between 
purity-indicating data of moderate precision where both or all 
methods show the material to be satisfactory or unsatisfactory for 
the intended uses. Testing strategy and evaluation must begin with a 
statement of the intended uses of a standard. Different weights are 
placed on purity profile data according to intended standard usage, 
i.e., as a chromatographic assay standard as opposed to an IR 
identity test or a limit test. 

Alternative approaches to purity determination are known. 
Certified contents of the main or minor component by a defined 

a DuPont 820. 

]OH brid of H & P  5750B and %&M 810modules. 
11 Ob-61 has since been discarded due to thermal instability. 

Perma hawzipax:  octadec Mane (ODS), a saturated hydrocarbon 
polymer (I-fCP) and an e t h e r d  olymer (ETH). 
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method are necessary for such applications as primary titrimetric, 
calorimetric, or trace standardsll. Exhaustive definition of the 
identity and quantjty of every impurity in a given lot of drug stan- 
dard has been achieved elsewhere for a few compounds, but this 
approach has wn judged unsatisfactory and uneconomical1*. 
Practical evaluations of a few ultrapure reagent sa1pples14 and the 
strategies involved were discussed recently (6). 

Prbfile Interpretations16-Estradiol dipropionate was evaluated 
by PSA, DSC, TLC, and,high pressure liquid chromatography. 
The material was proposed for use partly as a reference standard in 
a UV assay. Solubility analysis showed 0.8% mass impurity, and 
Scanning calorimetry revealed 0.5 mole % eutectic impurity. High- 
low TLC and GLC gave a 1 .O-1.2 % impurity level. At this point, the 
material could be used as a standard for IR or thin-layer identifica- 
tion purposes. However, liquid partition chromatography revealed 
six components and that ohe of the impurities was intensely UV ab- 
sorbing, about 15 % of the area under the curve at 254 nm. Another 
sample showed 7% in the 254-nm, data but more mass impurities. 
Collection of the main impurity showed that it interfered about 
6 and 3%, respectively, at the monograph wavelength of 268 nm. 
Therefore, the material was unacceptable as a UV assay standard. 
This is a striking illusrmtion of the necessity of interpreting purity 
profie data in light of the intended uses of a standard. 

Betamethasone w8S evaluated by liquid partition chromatog- 
raphy; about 1.4% UV absorbing impurity was evident. Quantita- 
tive TLC showed only 0.5% and high-low TLC indicated 1.0% 
impurity. Thermal decomposition precluded an estimate of eu- 
tectic impurity. Solubility analysis in a polar alcoholic solvent 
revealed that the main component was only %.3x pure. Because 
polymorphism could account for a discordant, solubility analysis, 
especially for a steroid, a second solubility analysis, this time in an 
ethereal solvent, was performed. The result, 96.5 %, was confirma- 
tive, excluding polymorphism as an explanation for the data. The 
presence of process-related, saturated steroids was suspected, 
because these would not absorb UV light and, therefore, would not 
be revealed by either quantitative TLC (recovered versus original) 
or the 254-nm. detector; less detectability is anticipated with 
most visualization reagents so that the high-low value would register 
less than the mass present. A subsequent batch assayed 98.7% by 
solubility analysis, high-low TLC revealed 1.2% impurity, and liquid 
chromatography showed only 0.7% impurity. The UV absor- 
bance at the monograph wavelength was a b u t  1% greater than 
that of the former batch, which partially confirmed the interpreta- 
tion. 

Acetanilid was marked for use as a melting-point standard. The 
material was chromatographically homogeneous. Calorimetric 
purity analysis indicated that less than 0.02% eutectic impurities 
could be present, the most desirable feature for a melting-point 
standard. On the other hand, estradiol cypionate was shown to 
contain about 0.8% impurity, mostly estradiol, by chromatography, 
whereas eutectic impurities registered only 0.1 %. Such discordance 
of calorimetric purity with other methods is particularly severe in 
steroids where solid solutions are commonplace. 

Norethynodrel was evaluated by solubility analysis, calorimetry, 
and TLC. A three- or four-component mixture was indicated by 
TLC, and a 1.8z eutectic impurity w& in evidence. Solubility 
analyses in two solvent types both demonstrated a high level of im- 
purity, about 2.1 %. A subsequent batch showed unusual correlation 
of H A ;  DSC, and high-low TLC values at the 1.6% level which, 
for a compound of this type, may be currently the best achievable 
purity. 

Dexchlorpheniramine maleate was found by solubility analysis 
to  contain a less soluble component (13.8%) and soluble impuri- 
ties (1.6%). The 13.8% component was interpreted as the racemic 
compound due to the presence of a 6.9% I-isomer. The solubility 
of the racemic compound (4.5 mg./g.), allowing for mass action 
due to maleate, was consistent with the value predicted from the 
phase diagram, and chromatographic data also were consistent 
with this interpretation. 

~ ~ ~~ 

"The National Bureau of Standards is the major source of such 

1) C. A. Johnson, British Pharmacopoeia, personal communiqtion. 
1 4  Ultrapure reagents are needed mostly in trace and inorgaruc anal- 

YM. 
1' Only the specialipxl purity-indicating data are listed here; mono- 

graph tests were performed on each, such as moisture content. spectral 
characteristics, and optical rotation. 

standards. 
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Most of the prdes  in Table I are straightforward, and the above 
examples were chosen to illustrate either the interpretations of 
discordant data or the variable weight assigned to data with IC- 
spcct to the intended uses of a standard. 

COMMENTS ON METHODS 

PSA-Procedures and interpretation of results were discussed in 
detail elsewhere (1, 2, 7, 8). This laboratory has made available 
systems for 120 drugs [including those of an earlier summary (I)]. 
Approximate solubilities may not be close enough to the PSA- 
determined value, particularly where substantial impurities exist, so 
that additional tubes may be required at a later time to fill in the 
phase diagram. This open-ended feature of PSA is valuable. where 
greater precision or definition is required, more tubes may be added. 
More importantly, additional solvents or temperatures may be 
chosen. Indeed, identical results of solubility analyses in two chem- 
ically different solvents may be taken as conclusive purity evidence. 

PSA is the most generally applicable absolute purity deter- 
mination. Scrupulous attention must be given to technique and 
choice of systems. A disadvantage of the method is the lengthy 
elapsed time1a before interpretation is possible. Solid solutions (9) 
and disproportionation of salts (10) are encountered occasionally, 
but recent modifications show promise of extending the scope of 
solubility analysis to these difiicult situations, Successful analysis 
(10) of atropine sulfate has been reported using a picric acid system, 
whereas probable disproportionation has prevented analysis in 
this laboratory by the usual procedure. Apparent polymorphism in 
the solvent is a more common problem, particularly with steroids, 
and this may explain the data for hydrocortisone, norethindrone 
acetate, and prednisolone acetate. A change of systems would be 
indicated where other purity profile information does not allow 
interpretation. 

Hi@-Low TLC-The need for a semiquantitative TLC test, 
one that could be used to validate precise but unselective assays 
such as titrations, has existed for some time. Obvious theoretical 
arguments against the accuracy of such a test can be overwhelming; 
nevertheless, it is one purpose of this report to prove the practical 
value of one such procedure by comparison of the results of (im) 
purity estimates with values obtained by more definitive methods. 
High-low TLC has been instituted in this laboratory out of a sug- 
gestion from JohnsonIJ. The need for such a test arose from the 
reference standard evaluation program, in which samples contain- 
ing minor impurities must be evaluated without benefit of compari- 
son to other standards. This situation is critical in instances where 
neither solubility nor calorimetric analysis has yielded interpretable 
purity data. 

Typically, varying sample sizes are spotted on a single plate, the 
chromatogram is developed. and unselective visualization methods 
are used. Impurity spots in the heaviest spotting are compared in 
intensity and size to the main spot in each of the smaller sample 
applications, and the estimated impurities are summed for an overall 
estimate. The limiting assumption here is that the drug samples are 
contaminated with chemically related materials. Even with related 
materials, responses vary so that the usual practice is to use three 
unselective visualization methods. This method is a realistic a p  
proach only where a few percent of impurities are anticipated. 

High-low TLC is most useful exactly where quantitative (by 
extraction) TLC is not reliable, such as distinguishing between 0.5 
and 1.0% impurity and ranking subsequent batches of the same 
drug. TLC data, in general, have not been useful for materials 
having less than 0.2% impurities. 

Correlation of high-low results in Table I with PSA and DSC 
data shows that this method is reasonably reliable, usually within 
0.5% of the total impurity, with HA-TLC being better correlated 
than DSC-TLC. High-low TLC and qualitative TLC are val- 
uable tools in constructing purity profiles. and the use of these 
procedures in conjunction with DSC is recommended strongly far 
validation. 

Other Chromatograpby-Qualitative and quantitative TLC 
evaluation of drug purity and stability is commonplace and re 
quires no discussion. It is important to note that recovery and pre- 
cision considerations easily obscure purity information, particularly 

where an established standard is not available for direct comparison. 
In quantitative thin-layer work, the bias is usually in the direction of 
underestimating the recovered species, and assays are of little 
value when a standard of known purity is not available. 
GLC purity estimates play only a minor role in initial establish- 

ment of, as opposed to comparative assay with, a reference stan- 
dard. GLC purity alone is valid only for distillates. becaw only the 
volatile portion of the sample is eluted for measurement. Similarly, 
only the least polar phases are of value in general purity work. 
Multiple products are not unusual with derivatization, and any 
reaction or extraction can constitute a puriacation step, Thermal- 
Wxtion artifacts are all too common but are easily distinguished 
from impurities by comparison of chromatograms resulting from 
stepwise variation of injection port temperature from that of the 
column to 150” hotter (“hot-port” experiment). 

High-pressure liquid chromatography has substantial potential 
for purity-indicating data, but applications of this technique are 
too recent to allow many generalities. At present, it appears that 
this recent instrumental development, along with excellent new 
packing materials, has made available a major purity test. Separate 
evaluation of this tool is planned. 

=-As a first proposition, this method cannot be regarded as 
ever yielding absolute estimates of (imlpurity. However, where 
prudently applied, this method can be of great value in drug purity 
evaluation. Combined with strong supporting evidence such as 
TLC, the method is well suited to purity and stability evaluations. 
The method is capable of considerable precision and reproducibility. 
Discussions of the experimental details and scope are available (5, 
11-14). Reliance on this method requires at least the exact knowl- 
edge of the history of a sample and the types of likely impurities. 
hecalibration against other purity-indicating information and 
use of defined standards are preferred. Most drug substance are not 
amenable to calorimetry because of thermal decomposition during 
melting or, in certain situations, s i g n h t  vapor pressure. Ex- 
perience with more than 150 compounds, randomly received, in- 
dicates that about 3OZ of official drug substances yield calculable 
thermograms. The problem of low AH1 compounds was recognized 
earlier (13). In these cases, and for solid solutions as well, melting- 
point phase diagrams, as discussed by Marti ei d. (14), may be of 
value, but samples with proven purity are needed to construct the 
diagrams. All these remarks apply only to quantitative DSC and 
not to the major value of thermal analysis for such phenomena as 
polymorphism. 

Several distinctive problems should be discussed. Only eutectic 
impurities are revealed; solid solutions lead t o  impurity estimates 
that are too low. The thermogram does not reveal solid solutions 
(12). For example, the prrsence of 3.6% added norethindrone in 
norethynodrel was not measured by DSC, although this is measur- 
able by UV spectrophotometry; in contrast, the presence of added 
mestranol was revealed by DSC. 

Correction for the fraction of sample melted prior to instrumen- 
tal response is a feature of the usual DSC method (1 1-13). This 
empirical correction (and resulting slope and impurity value) de- 
pends on an arbitrary choice of those areas to be used in the tem- 
perature wrsus reciprocal fraction-melted plot. For example, 
varying the choice of areas in the phenacetin analysis resulted in 
premelt factors ranging from 1 to  15% and in impurity values 
ranging from 0.02 to  0.40 mole %. 

The To and AH! values are &ected somewhat by the random 
selection of areas, but minor variation in these values has negligible 
&ect on the calculated impurity. The premelt correction is varied 
until the theoretical linear relationship is visually obtained in the 
plot. However, many drugs yield S curves in the plot, which cannot 
be even approximately linearized. Remelt correction then is entirely 
arbitrary, allowing for great variability in the ‘final impurity cal- 
culation. Such was the case with diphenhydramine hydrochloride, 
ethacrynic acid, hexachlorophene, menadione, methamphetamine 
hydrochloride, norethindrone acetate, norethynodrel, phenacetin, 
and phenprocoumon. For example, impurity values between 0.2 
and 0.4 mole could have been reported for phenprocoumon be- 
cause of visual uncertainty in determining the best line for the data. 
The values reported” in the table for these drugs represent results 
obtained using the premelt correction yielding the least-squares 
beat fit with the lowest standard error. A three.-point estimate is 

~~ 

A vibrational method is used elsewhere but has not been found to 
be reliable here except in instances of large sample charges. 17 Calculated by means of a programmable desktop calculator. 
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also used (15). In cases where S character is strong, we recommend 
that impurity values be calculated using several premelt correction 
values as an indication of the confidence. Computer programs that 
calculate a single value for impurity based on a single best fit should 
be used with caution, as the degree of S character is not specifically 
determined even though the premelt correction is well controlled. 
Studies on the impact of this problem are in progress. The magni- 
tude of the premelt correction in Table I correlates roughly with the 
level of impurity, as should be expected: 0.0-0.2 mole % impurities 
averaged 3.3 premelt correction, 0.2-0.5 mole averaged 6.8 
premelt corr-on, and >0.75 mole % averaged 11% premelt 
correction. A sample that generates a premelt correction not con- 
sistent with this trend should be examined more carefully by other 
methods before such purity data are interpreted. 

SUMMARY 

Purity constants and analytical systems are reported for samples 
of 11 5 official drug substances analyzed by various combinations of 
PSA, DSC, high-low TLC. GLC, and high pressure liquid chro- 
matography. General experiences are discussed for these purity- 
indicating techniques. No one method is universally reliable or 
applicable, and purity decisions should be based on the largest 
variety of data available. 
The individual purity-indicating data on a given sample converge 

to establish a profile of purity. It is this purity profile that is mean- 
ingful and that allows decisions about the scope of usefulness of the 
sample as a reference standard. Examples of interpretations are 
given for a few of the purity profiles. 

PSA continues to be the most valuable and generally applicable 
purity technique. DSC has value in the construction of purity 
profiles, but it can never stand alone and is applicable to only a 
minority of drugs. GLC is of minor value in establishing purity 
profiles. On the other hand, high pressure liquid chromatography 
has demonstrated a potential for major value in purity work. 

Despite the inherent inaccuracies in high-low TLC, a direct cor- 
relation exists in the majority of cases between the values obtained 
by PSA and this method. It is possible, where a rapid method is 
needed, to determine approximate purity within a day using high- 
low TLC, especially where a marked correlation exists between 
purity estimates determined by the methods discussed here. 
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