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Although the figures above appear simple in design, there are strict regulations for the 

specifications of each component of the apparatus and tolerances for each component are 

specified by USP <711>.16 Refer to Figure 1-6 and Figure 1-7 for schematic diagrams of the 

specifications set by the USP for Apparatus 1 and Apparatus 2, respectively. 

As a result of these regulations of the past fifty years, the number of USP monographs 

including dissolution monographs has exponentially increased. As shown in Figure 1-8, in 

1970, there were only twelve monographs. In May of 2011, there were 740 dissolution USP 

monographs. 17 18 19 

16 US Pharmacopoeia & National Formulary- USP General Chapter <711>: Dissolution, USP [Online], 

http://www.usp.org! (accessed May 1,2011). 

17 Cohen, J; Hubert, B; Leeson, L; Rhodes, C; Robinson, J; Roseman, T; Shefier, E. The Devlopment of USP 

Dissolution and Drug Release Standards. Pharmaceutical Research 1990, 7(10), 983-987. 

18 Dokoumetzidis, A; Macheras, P. A century of dissolution research: From Noyes and Whitney to the 

Biopharmaceutics Classification System. International Journal ofPharmaceutics 2006,321, I-II. 

19 US Pharmacopoeia & National Formulary- USP Monographs including dissolution (2011 summary), 

http://www.usp.org! (accessed May 1,2011). 
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Figure 1-6 	 USP Apparatus 1 Specifications (Reproduced from USP General 
Chapter on Dissolution <711» 
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Figure 1-7 USP Apparatus 2 specifications (Reproduced from USP General 
Chapter on Dissolution <711» 
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Figure 1-8 Monographs including dissolution in the United States Pharmacopeia (USP) 
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As a result of the high regulations and increased number of USP monographs including 

dissolution, this research will improve dissolution testing. Conventional ways of testing have 

been used for many years by the industry. Specifically, the UVNis and HPLC systems have 

gone through several stages of evolution but continue to be used as the standards. This 

research and technique will attempt to improve dissolution testing in several ways. First, this 

technique will allow for in-situ analysis which is very important when dealing with sensitive 

drug formulations. These sensitive formulations are susceptible to more sampling error when 

samples are withdrawn from the dissolution vessel. Second, FTIR spectroscopy can be 

advantageous to dissolution testing. Unlike UVNis spectroscopy which gives a single peak 

per active drug, FTIR spectroscopy can be sued to monitor drug release via monitoring of 

numerous functional groups. Moreover, FTIR spectroscopy can be used to track chemical 

transformations within the vessel. This will be discussed in chapter three ofthis thesis. Lastly, 

FTIR can be used to study multi-component drug formulations. 

[27] 
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1.2 Infrared Spectroscopy 

A brief overview is warranted. Infrared spectroscopy is the spectroscopy that deals with the 

infrared region, 14000 cm-! (714 nm) to 10 cm-! (lxl06 nm), of the electromagnetic spectrum. 

Moreover, the IR portion of the electromagnetic spectrum is divided into three regions; near-

infrared, mid-infrared and far-infrared. The near-infrared20 energy, approximately in the 

region between 14000-4000 cm-!, can excite overtone or harmonic vibrations. The mid­

infrared2! energy, approximately in the region between 4000 cm-! (2500 nm) to 400 cm-! 

(25000 nm), can be used to study the fundamental vibrations of structures. The far-infrared 

region, approximately in the region between 400-10 cm- l
, can be used to study to rotations of 

structures. With IR spectroscopy, different functional groups adsorb at different IR bands or 

regions as shown in Table 1-2.22 Thus, this technique can help identify and even quantify 

organic and inorganic molecules. 

20 J. Workman Jr. Interpretive spectroscopy for near-infrared, The Handbook ofOrganic Compounds; Academic 

Press: California, 2001; pp 143-182. 

21 Heise, H. M.; Kupper, L.; Butvina, L. N. Attenuated total reflection mid-infrared spectroscopy for clinical 

chemistry applications using silver halide fibers. Sensors and Actuators B: Chemical1998, 51 (1-3), 84-91. 

22 Images and frequencies obtained from: http://wwwchem.csustan.edu/tutoriais/infrared.htm. (accessed May 1, 

2011). 
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Table 1-2 	 Absorption bands (Ref 22) (Reproduced from table of frequencies 
found on CSU Website link) 

! 

Bond Compound Type frequency range, cm'1 

C·H Alkanes 2960-2850{s) stretch 
1470-1350(v} scissoring and bending 

CH3 Umbrella Deformation 1380{m-w} - Doublet· isopropyl, (·butyl 

C·H Alkenes 3080·3020(m) stretch 
1000-675(s) bend 

C·H 
Aromatic Rings 3100·3000(m) stretch 

Phenyl Ring Substitution Bands 870-675(s) bend 
Phenyl Ring Substitution Overtones 2000-1600(w) ­ fingerprint region 

C·H Alkynes 
3333-3267(s) stretch 

700·61 O(b) bend 
C=C Alkenes 16BO.1640(m.w) stretch 

CsC Alkynes 2260-2100(wsh) stretch 

C=C Aromatic Rings 1600, 15OO(w) stretch 
CoO Alcohols, Ethers Carboxylic acids, Esters 1260-1000(5) stretch 
C-O Aldehydes, Ketones. Carboxylic acids, Esters 1760-1670(5) stretch 

O·H 
Monomeric -- Alcohols. Phenols 3640-3160{S.br) stretch 

Hydrogen-bonded .- Alcohols. Phenols 3600-32oo(b) stretch 
Carboxylic acids 3000-25OO(b) stretch 

N·H Amines 
3500-3300(m) stretch 
1650·15BO (m) bend 

CoN Amines 1340-1 020(m) stretch 

C=N Nitriles 2260-2220(v) stretch 

NOl Nitro Compounds 
1660-15OO(s} asymmetrical stretch 
1390·1260(s} symmetric al stretch 
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The infrared spectrum of a sample can be obtained by passing a beam of infrared light through 

the sample. A Fourier transform instrument23 can be used to measure how much energy was 

absorbed by the sample over the entire wavelength range. The interferometer is a 

fundamentally different piece of equipment than a monochromater. The light passes through 

a beamsplitter, which sends the light in two directions at right angles. One beam goes to a 

stationary mirror then back to the beamsplitter. The other goes to a moving mirror. The 

motion of the mirror makes the total path length variable versus that taken by the stationary-

mirror beam. When the two meet up again at the beamsplitter, they recombine, but the 

difference in path lengths creates constructive and destructive interference: an interferogram: 

A mathematical function called a Fourier transform converts an intensity-vs.-time spectrum 

into an intensity-vs.-frequency spectrum. Refer to equation 10. A (r) and X (k) are the 

frequency domain and time domain points, respectively, for a spectrum ofN points. 

(Equation 10) 

" irkACr) = L XCk)expC-2n IV) 

The FT -IR system can produce both transmittance and absorbance spectrum. Refer to Figure 

1-9 for an illustration of the FT -IR system.24 The interferogram represents the light output as a 

function of mirror position. The FT-IR raw data is processed to give the actual spectrum of 

light output as a function of wavenumber. 

23 Smith, B.C. Fundamentals of Fourier Transform Infrared Spectroscopy; CRC Press: London, 1996; Chapter 4. 
24 Image obtained from http://mmrc.caItech.eduiFTIRlFTIRintro.pdf (accessed July 1, 2011). 
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Figure 1-9 FT-IR system schematic (Ref 24) 
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1.3 Literature background: in situ ATR-IR and dissolution 

In the pharmaceutical industry there are two main oral dosage forms: tablets and capsules. 

These are immersed in an aqueous solution, and the concentration of the active ingredient is 

monitored as a function of time?S Unfortunately, dissolution testing provides limited 

information on chemical processes that take place within a dissolution vessel. This is due to 

the limited capabilities of the techniques that are used during dissolution. For instance, most 

dissolution analysis is carried out using Ultraviolet (UV)/ Visible (Vis) spectroscopy which 

only gives concentration as a function of time. HPLC is used to separate multi-component 

drugs but still utilizes UVNis detectors as the backbone. One of the challenges the industry is 

faced with is to increase an understanding of the mechanisms governing dissolution. The 

current approach relies heavily on a data-driven approach. The health authorities have 

challenged the pharmaceutical industry to understand dissolution and make the dissolution 

test more biologically relevant.26
,27 To have a better understanding of dissolution, dissolution 

chemists need to explore other instruments and experiments that could give insight into what 

is happening inside of the vessel. Our research focuses on using A TR mid-infrared 

spectroscopy as an in situ technique to monitor and study the dissolution of pharmaceutical 

tablets. Moreover, this research will give more insight into the science behind dissolution. 

Specifically, this research will attempt to not only monitor dissolution profiles using FTIR but 

25 a) Dressman, J. J.; Kramer, J. K., Eds. Pharmaceutical Dissolution Testing; Taylor and Francis: Florida, 

2005; b) Hanson, R; Gray, V. Handbook of Dissolution Testing, 3rd ed., Dissolution Technologies: Delaware, 

2004. 

26 Tong, C.; D'Souza, S.S.; Parker, . Mirza, T. Commentary on AAPS workshop - Dissolution testing for the 

twenty-first century: Linking critical quality attributes and critical process parameters to clinically relevant 

dissolution. Pharmaceutical Research 2007, 24, 1603-1607. 

27 Tong, c.; Lozano, R.; Mao, Y., Mirza; T., Ldbenberg, R.; ).!ickerson, 8.; Gray, V.; Wang, Q. The value of in 

Vitro dissolution in drug development: A position paper from the AAPS in Vitro release and dissolution focus 

group. Pharmaceutical Technology 2009,33,52-64. 
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also try to explain certain reactions (i.e. transformation of a drug from one form to another-

hydrolysis) that are otherwise missed with UV /Vis spectroscopy. Literature research on this 

topic shows that attempts have been made to study dissolution using near-infrared 

spectroscopy and infrared imaging. 

Attempts have been made to improve the characterization of the controlled release 

formulations by FT-IR imaging in ATR-IR mode.28 Van der Weerd and colleagues described 

the design and implementation of a new cell, which allows the study of drug release from 

tablets by macro-FT-IR ATR imaging with a diamond ATR accessory. The tablet formulation 

can be compacted directly on the A TR crystal. The authors explain that various components 

in the tablet can be determined FT-IR imaging. The described cell was applied to study a 

model tablet consisting of hydroxy propyl methylcellulose (HPMC) and caffeine. The study by 

Van der Weerd and co-workers demonstrate that the amount of drug rapidly decreases due to 

diffusion. Direct observation of this well know phenomenon is unattainable by dissolution 

techniques, but FT-IR imaging in ATR mode provides a means to achieve this. 

Moreover, Van der Weerd and Kazarian explored FT-IR imaging as a useful application for 

studying the distribution of different components in the tablet, e.g., drug, polymer and water 

as a function of time. It was shown that the release profile obtained by FT-IR imaging is 

comparable to that obtained by the flow-through dissolution test with UV spectroscopic 

28 a)Van der Weerd, 1.; Kazarian, S. G. Combined approach ofFTIR imaging and conventional dissolution tests 
applied to drug release. Journal Controlled Release 2004,98,295-305. b) Van der Weerd, 1.; Chan, K. L. A.; 
Kazarian, S.G. An innovative design of compaction cell for in situ FT-IR imaging of tablet dissolution. 
Vibrational Spectroscopy 2004,35(1-2),9-13. 
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detection. In addition, FT -IR imaging was also used to investigate the release of a poorly 

soluble drug from pharmaceutical tablets?9 

Blanc030 and co-workers investigated the use of near-infrared as a tool to study the dissolution 

profiles in pharmaceutical tablets. Their determination was based on the application of Partial 

Least-Squares 2 (PLS2) multivariate calibration models to NIR spectra for individual tablets. 

Marcelo and his colleagues documented that the proposed NIR method provides accurate 

predictions of dissolution profiles. In fact, the coefficient of correlation between the 

dissolution profiles obtained with it and a reference method exceeded 0.99 (r) in all cases, and 

calibration and prediction errors fell within acceptable ranges (6-7%). They conclude that the 

method allows the entire dissolution profile of intact pharmaceutical tablets to be determined 

in a simple, clean, expeditious manner without the need to use any reagents or solvents, or the 

production of any waste. 

In addition, Chan3l and co-workers investigated the use of FT-IR imaging as a tool to study 

formulations of ibuprofen in poly(ethylene glycol) (PEG) enabled characterization of the 

distribution of both polymer and drug in the tablet. The authors attempted to study the 

mechanism of dissolution and drug release for two tablet preparation methods: mechanical 

mixing and melt extrusion. The mechanisms of dissolution were compared using this 

spectroscopic imaging approach and found it to be very informative. 

29 a)Van der Weerd, J.; Kazarian S. G. Release of poorly soluble drugs from HPMC tablets studied by FTIR 
imaging and flow-through dissolution tests. Journal ofPharmaceutical Science 2005, 94, 2096-2109. b) Vander 
Weerd, J.; Kazarian, S.G. Validation of macroscopic attenuated total reflection-Fourier transform infrared 
imaging to study dissolution of swelling pharmaceutical tablets. Applied Spectroscopy 2004,58(12), 1413-1419. 
30 Blanco, M.; Alcala, M.; Gonzalez, J. M.; Torras, E. Determination ofdissolution profiles in intact 
pharmaceutical tablets by NIR spectroscopy. The Journal ofProcess Analytical Technology 2006,3(5),25-29. 
31 Chan, K. L. A.; Kazarian, S.G. Dissolution of solid dispersions of ibuprofen studied by Fourier Transform 
infrared imaging. Polymeric Drug Delivery 2006, 203-214. 
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Dissolution of salicylic acid, acetylsalicylic acid and 
acetaminophen using In Situ A TR-IR spectroscopy 

This chapter focuses on describing the application of in situ attenuated total reflectance-

infrared spectroscopy (ATR-IR) as a technique for measuring and studying dissolution of 

pharmaceutical formulations products. The majority of the methods for monitoring 

dissolutions utilize UV-Vis spectroscopy. For example, aliquots are manually withdrawn and 

analyzed by UV-Vis spectroscopy or HPLC with UV-Vis detection. However, the sampling 

process is disruptive to the dissolution profile since removal of aliquots from the vessel 

disturbs the solution. In addition, there are instruments that allow real-time analysis using in 

situ UV-Vis probes. For example, fiber optic dissolution testing is used in the industry to 

monitor pharmaceutical drug product release. Fiber optic dissolution is also used for 

formulation development.32 Formulators are using in situ UVNis systems to profile and 

develop drugs faster. Instead of relying on conventional techniques where dissolutions are 

conducted manually and analyzed offline, the advantage of the fiber optic system is that it 

allows for real-time data analysis. 

There is interest in the development of new methods that do not require manual sampling. 

Also, for multi-component formulations it is important to be able to observe the dissolution 

profile of each active pharmaceutical ingredient (API). Thus, there is also interest in the 

development of new spectroscopic methods that enable observation of multiple components. 

The use ATR-IR for analyzing aqueous samples is limited by the relatively high concentration 

32 Mirza, T.; Liu, Q.; Vivilecchia, R.; Joshi, Y. Comprehensive validation scheme for in situ fiber optics 
dissolution method for pharmaceutical drug product testing. Journal Pharmaceutical Science 2009, 98, 1086­
1094. 
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of analyte required for detection.33 Hence, this research investigated the use of ATR-IR as a 

technique for monitoring and understanding dissolution. Limit of detection (LOD) and limit 

of quantitation (LOQ) will play important roles in determining the sensitivity of the system. 

The LOD and LOQ values will be discussed in detail in chapter four of this thesis. Refer to 

equation II and 12 for the limit of detection and limit of quantitation calculations: 

(Equation 11) 

LOD = 3x (S~) 


(Equation 12) 

LOQ = lOx (S~) 

A TR spectroscopy is a sampling technique that is based on molecular vibration and the 

curvature of light beams when passing through different mediums. An A TR spectrum is 

generated by transmitting radiation, which can be IR (from 0.1 x 10-5 cm to 7.5 x 10-5 cm), 

VIS (from 7.0 x 10-5 to 4.0 X 10-5 cm), or UV (from 4.0 x 10-5 cm to 2.2 x 10-5 cm), through an 

optical crystal in contact with a sample and then determining what portion of the incident 

radiation is attenuated by the sample at a particular wavelength. 

With A TR sampling the IR beam is directed into a crystal of relatively higher refractive 

index. The IR beam reflects from the internal surface of the crystal and creates an evanescent 

wave, which projects orthogonally into the sample in intimate contact with the A TR crystal. 

Some of the energy of the evanescent wave is absorbed by the sample and the reflected 

33 Regan, F.; Meaney, M.; Yos, J. G.; Maccraith, B. D.; Walsh, J. E. Determination of pesticides in water using 
[36] 
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radiation (some now absorbed by the sample) is returned to the detector. The refractive 


indices of the crystal and sample are important considerations in the ATR sampling technique. 


Refer to equation 13: 


(Equation 13) 


where n2 is the refractive index of the sample, n 1 is the refractive index of the crystal and 8c 

is the critical angle. ATR spectrometry is used extensively in clinical assays, medical 

diagnostics, and laboratory testing.34 Since the depth of penetration for the evanescent wave 

in A TR spectrometry is shallow, there is a low incidence of Fresnel Reflection. Thus, reliable 

spectral analysis of murky, semisolid, turbid, and optically dense solutions is possible with 

ATR spectroscopy. Moreover, the A TR crystal is a relatively chemically resistant Zn-Se 

crystal that can be coated with an additional chemically resistant material which enables IR 

spectroscopy to be performed in aqueous solution. 

Therefore, in situ A TR-IR spectroscopy has the unique potential to simultaneously address 

problems associated with manual sampling and multi-component analysis discussed above. 

This is a potentially useful method for dissolution testing. Modern infrared instruments can be 

equipped with fiber optic probes containing A TR crystals that are chemically robust, provide 

excellent sensitivity and, with respect to in situ UV-Vis, are not affected by turbidity. In 

addition, since IR is very sensitive to specific functional groups, it has greater versatility in 

ATR-FTIR spectroscopy on PVC/chloroparaffin coatings. Analytical Chimica Acta 1996, 334, 85-92. 
34 Bynum, K.; Kassis, A. ATR Crystal Device. U.S. Patent 6,841,792, March 10,2002. 

[37] 
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differentiating components in a multi-component mixture than UV-Vis spectroscopy.35 In this 

chapter, the successful development of dissolution tests using in situ ATR-IR spectroscopy to 

analyze single and multi-component mixtures is described. 

Since dissolution testing has evolved into a highly regulated activity in the pharmaceutical 

industry, health agencies have placed a greater emphasis on regulating dissolution methods. 

The dissolution test is the only one that can give an in vitro snapshot of how the drug product 

may behave in vivo. Because ofthis function, the number of dissolution methods in the United 

States Pharmacopeia (USP) has grown substantially. Furthermore, the U.S. Food and Drug 

Administration (FDA) has placed greater importance on the dissolution test. The FDA official 

website is full of material related to dissolution testing from guidance documents to warning 

letters.36 Thus, the potential impact of a new analytical technique that permits in situ analysis 

of multiple active ingredients is large. 

2.1 Experimental section 

2.1.1 Chemical and materials 

Acetaminophen reference material (batch no. 104KO154) was purchased from Sigma-Aldrich 

(St. Louis, MO, USA). Salicylic acid reference material (batch no. 04708HE) was purchased 

from Sigma-Aldrich (St. Louis, MO, USA). Acetaminophen tablets (Tylenol® batch no. 

SLA175) were purchased from a local pharmacy. Excedrin® Caplets (Back and Body Brand, 

Lot #10067371: Acetaminophen 250 mg, Aspirin 250 mg) were purchased from a local 

pharmacy. Salicylic acid calibrator tablets (USP batch no. QOD200) were purchased from the 

35 Skoog, D.; Holler 1.; Crouch S. Principles ofInstrumental Analysis, 6th ed; Thomson Books, 2007; pp. 455­
480. 

36 United States Food and Drug Administration Home Page. http://www.fda.gov/ (accessed May 1,2011) 
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USP. Methanol, acetone and acetonitrile (HPLC grades) were purchased from Pharmaco­

Aaper. Sodium hydroxide (batch no. 064214BH), used to prepare the pH buffered solutions, 

was purchased from Sigma-Aldrich (St. Louis, MO, USA). These analytes were selected 

because of their immediate release properties and high solubilities in phosphate buffers. 

Potassium phosphate monobasic (batch no. 103K0060), used to prepare the pH buffered 

solutions, was purchased from Sigma-Aldrich. Glacial acetic acid was purchased from Sigma 

Aldrich (St. Louis, MO, USA). All solutions were prepared using water treated by a Milli-Q 

Millipore purification system. All purified water aliquots have resistivity of not less than 18 

MOhm-cm-1
. 

2.1.2 Instrumentation 

Samples were tested using Mettler Toledo's iC10 FT-IR system using a fiber optic probe 

equipped with a 1 mm diamond coated A TR probe. The IR system was operated by Mettler 

Toledo's iC IR version 3.0 or 4.0 software. pH determinations were carried out using a pH 

meter from VWR (model no. Symphony SB70P). HPLC analysis was carried out using two 

systems: Hewlett Packard 1 050 (operated by ChemStation) and Waters 2695 (operated by 

Empower). All UV measurements were carried out using a Hewlett Packard UV instrument 

(model no. 8452A diode array). The UV instrument was operated using HP's Softer-Olis 

Spectralworks. All manual dissolutions were tested using a Vankel Dissolution Bath (model 

no. 700). All analytical weight measurements were carried out using Mettler Toledo's 

DeltaRange and AG204 DeltaRange top loading balance. 

[39] 
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2.1.3 Buffered solutions 

The pH 5.8 (200 mM) and 7.4 (50 mM) phosphate buffered solutions were prepared with 

monobasic potassium phosphate in accordance with the USP. As described in the USP, the 

detailed procedure for preparing these buffers is shown below.37
,38 

Phosphate Buffered Solution: 

The volumes shown in the table are for 200 mL of buffer solution. Note: Where water is 

specified for solution or dilution of test substances in pH determinations, use carbon dioxide-

free water. 

• 	 Sodium Hydroxide Solution (0.2 M) - Dissolve 4.0 g of sodium hydroxide in water to 
make 100 mL. 

• 	 Monobasic Potassium Phosphate Solution (0.2 M) - Dissolve 27.22 g of monobasic 
potassium phosphate (KH2P04) in water, and dilute with water to 1000 mL. 

Table 2-1 	 Phosphate buffer preparations as per United States Pharmacopeia 
(USP) 

Composition of Standard Buffer Solutions 

Phosphate Buffer 
Place 50 ml of the monobasic potassIUm phosphate soluDon in a 200-ml volumetric ftask, add the specified volume of the sodium hydroxide 
solution, then add waterto voume. 

pH 5.8 6.0 6.2 6.4 6.6 6.8 70 72 74 7.6 7.8 8.0 

02 IV NaOH, mL 3.6 5.6 81 11 6 16.4 224 29.1 34.7 39.1 42.4 44.5 461 

2.1.4 Dissolution experiments 

Single component analysis: 300 mg salicylic acid tablets were tested in pH 7.4 phosphate 

buffered solutions. Dissolution was conducted using a vessel volume of 500 mL and at 

ambient temperature. All dissolutions were conducted using USP Apparatus II (paddles) with 

an agitation speed of 100 rpm. The dissolution run time was seven hours and thirty minutes. 

37 US Pharmacopoeia & National Formulary- USP Monograph: Salicylic Acid Tablets, USP [Online], 
http://www.usp.org/ (accessed May 1,2011). 
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Multi-tablet analysis: 300 mg salicylic acid and 500 mg acetaminophen tablets were tested in 

pH 5.8 phosphate buffered solutions. Dissolution was conducted using a vessel volume of 500 

mL and at ambient temperature. All dissolutions were conducted using USP Apparatus II 

(paddles) with an agitation speed of 50 rpm (a slower rpm was chosen to enable a slower rate 

of dissolution to help distinguish the components). The dissolution run time was six hours. 

Multi-component analysis: Three Excedrin® tablets, each composed of 250 mg aspirin 

(acetylsalicylic acid) and 250 mg acetaminophen were tested in pH 7.4 phosphate buffered 

solutions. Dissolution was conducted using a vessel volume of 500 mL and at ambient 

temperature. All dissolutions were conducted using USP Apparatus II (paddles) with an 

agitation speed of 100 rpm. The dissolution run time was one hour and thirty minutes. 

2.1.5 HPLC analysis 

The single-component analysis experiment was performed using the following HPLC 

parameters: HP 1050 HPLC, Waters Symmetry 300 CI8 5 /lm column (4.6 x 50 mm), mobile 

phase was 60/40/1 (water/ methanol/glacial acetic acid), flow rate was 2.0 mLimin, isocratic 

mode, injection volume was 5 /lL and absorbance was set at 296 nm. 

The multi-tablet analysis experiment was analyzed using the following HPLC parameters: 

Waters 2695, Waters Symmetry Shied RP CI8 3 /lm column (3.5 x 50 mm), mobile phase 

was 70/30/1 (water/ acetonitrile/trifluoroacetic acid (TF A», flow rate was 1.5 mLimin, 

isocratic mode, injection volume was 5 /lL and absorbance was set at 296 nm. 

38 US Pharmacopoeia & National Formulary- USP Monograph: Acetaminophen Tablets, USP [Online], 
-"=,-"-,-,,,-,-,-,,-,-,-,,,==(accessed May 1,2011). 
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The multi-component analysis experiment was performed using the following HPLC 

parameters: HP 1050 HPLC, Phenomenex Intersil ODS C 18 5 11m column (4.6 x 150 mm), 

mobile phase was 60/40/1 (methanol! water/ trifluoroacetic acid (TF A)), flow rate was 1.0 

mLimin, isocratic mode, injection volume was 25 ilL and absorbance was set at 280 nm. 

2.1.6 ATR-IR analysis 

The ReactIRTM iC 10 FTIR instrument is composed of a Mercury-Cadmium-Telluride 

("MCT") detector (liquid nitrogen cooled) and the FiberConduit™. When sample 

measurements must be made at high speed or when IR throughput is low, the highly sensitive 

mercury cadmium telluride (MCT) detector provides the ability to scan faster than a DLaTGS 

detector while maintaining a constant IR response. The FiberConduit™ is comprised of 

flexible IR transparent silver chloride/silver bromide optical fibers. The fiber optic probe 

interface (AgX 9.5 mm x 1.5 m Fiber (Silver Halide)) contains a diamond tip-DiComp ATR 

crystal. The resolution was set to 4 wavenumbers. The optical range used by the system is: 

1900 cm"1 to 650 cm"l. The gain adjustment was set to normal (lx) and the apodization 

method was set to Happ-Genzel. The system uses compressed air (house air, filtered and 

dehumified) to purge the optics. 

For the single component testing, data treatment was carried out using the following 

methodology: The data was first subjected to baseline correction. An absorption band at 1388 

cm-! was selected for salicylic acid. The height was calculated using a baseline band 

correction set at 1370 cm- I
. The ATR-IR system was configured to collect spectra every five 

minutes. 

[42] 
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For multi-tablet testing, the data was first sUbjected to baseline correction. An absorption 

band at 1388 cm-1 and baseline band at 1370 cm-1 were selected to calculate the peak height 

1for salicylic acid. An absorption band at 1246 cm-1 and a baseline band of 1276 cm- were 

selected to calculate the peak height for acetaminophen. The ATR-IR system was configured 

to collect spectra every five minutes. 

For mUlti-component testing, the data was first subjected to baseline correction. An absorption 

band at 1388 cm-1 and a two-point baseline set at 1370 cm-1 and 1414 cm-1 were selected to 

calculate the peak area for aspirin (acetylsalicylic acid). An absorption band at 1246 cm-1 and 

a two-point baseline set at 1217 cm-1 and 1265 cm- l were selected to calculate the peak area 

for acetaminophen. The ATR-IR system was configured to collect spectra every three 

minutes. 

For all ATR-IR experiments, 256 scans were collected and co-added for each spectral point. 

On average, every spectral point, took about two-minutes to complete. For all testing, the 

calculated peak response was subjected to mathematical smoothing using the ielO software. 

The data was compared to reference standards measurements collected prior to start of the 

linearity and dissolution experiments. Dissolution data was plotted vs. time and all dissolution 

experiments were allowed to equilibrate in the buffer for at least half an hour prior to the start 

of a dissolution experiment. 

[43] 
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2.2 Results and discussion 

2.2.1 Single-component analysis 

2.2.1.1 Linearity results for salicylic acid using pH 7.4 phosphate buffer 

Salicylic acid was thoroughly studied in pH 7.4 phosphate buffered solution as recommended 

by the USP. Since salicylic acid has a pKa of 2.97 it is almost completely ionized at 

physiologic pH 7.4. Thus, the ratio of salicylic acid: salicylate is approximately 1 :25,000. 

During the method development phase, linear dilutions of salicylic acid reference standards 

were prepared and analyzed using ATR-IR spectroscopy. The linearity experiments served 

two purposes; 1) they determined whether IR spectroscopy provided a linear response to the 

different concentrations of salicylic acid, and, 2) whether IR spectroscopy can be used for 

very low concentration levels of salicylic acid. Initially, eight levels of salicylic acid standards 

were prepared. Based on the IR spectra obtained, salicylic acid has an IR frequency of interest 

at 1388 cm- I (Figure 2-1). The linearity experiments were further analyzed using linear 

regression. Based on the analysis, it was determined that salicylic acid had excellent linear 

correlation using IR spectroscopy with a 0.997 correlation coefficient (r2
). Linear regression 

for salicylic acid was calculated using the IR absorption band at 1388 cm-1 and subtracting the 

baseline absorption band at 1370 cm- I
. A chart of the digitized data is attached in Appendix 

[A]. Since the IR system resolution was set to four, large data sets were obtained during the 

analysis. An example ofthe digitized data can be found in the appendix. 

[44] 
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Figure 2-1 Salicylic acid spectra at different concentrations in pH 7.4 phosphate 
buffered solution. 
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Table 2-2 Method development summary for Salicylic Acid (Linearity and 
Dissolution results) 

i Method development parameter Typical Pharmaceutical Results 
Acceptance criteria 

Accuracy (mean) i 

- Difference between IR and HPLC Report value .2.1% I 
, Linearity (n :2: 6) 

~'0.997- Correlation coefficient r;:: 0.990 

- Range(Linearity experiment) Specify range , 0.016- 0.1130 mg/ml 

i Limit of detection (LaD) Specify LaD 0.02 mg/ml 

Limit of quantitation (LaO) Specify LaO 0.08 mg/ml 

Precision (%RSD) I Relative standard deviation 0.2% 
(n:2:6), ::; 2.0% 

[46] 
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2.2.2 Dissolution results for salicylic acid using pH 7.4 phosphate buffer 

The next part of method development phase was to determine the accuracy of A TR-IR 

spectroscopy as a technique for measuring dissolution rates of a drug. This was determined by 

comparing the IR spectroscopy results with HPLC results. Although the USP methods 

typically recommend vessel volumes of 900 mL, the dissolution vessels were filled with 500 

mL of pH 7.4 phosphate buffer in order to increase the signal-to-noise ratio. The purpose of 

this change was to detect very low concentrations (below 10%) of the active drug. Practically 

the laboratory is not interested in seeing 10% levels, but rather higher concentrations. 

Therefore, in order to test the limits of the system, the lower dissolution vessel volumes were 

used. Next, the paddle was lowered to the USP recommended position (25 ± 2 mm from the 

bottom of the vessel) and rotated at 100 rpm at ambient temperature. To minimize 

hydrodynamic effects, the A TR probe was inserted approximately 5 mm below the surface of 

the medium.39 The first thirty-minutes were used to establish the spectral baseline, the shaft 

was momentarily stopped and one salicylic acid (300 mg) tablet was dropped into the vessel. 

Rotation was resumed and IR data were acquired every five minutes for a period of seven 

hours. During this time, aliquot samples were removed and stored in HPLC vials for 

subsequent analysis. As shown in Figure 2-2, the results from the IR and HPLC systems 

match extremely well and the relative accuracy is within ± 2%. 

39 Mauger J. W. Physicochemical and fluid mechanical principles applied to dissolution testing. Dissolution 
Technologies, 1996,3,7-11. 

[47] 
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Table 3-1 	 Hydrochloric acid buffer preparations as per United States 
Pharmacopeia (USP) 

Composition of Standard Buffer Solutions 

Hydrochloric Acid Buffer 
Place 50 mL oftha potassium chloride solution in a 200-mL volumetric fiask, add l1e specified volume of the hydrochloric acid solution, then 


add water to volume. 


;pH 1.2 13 1.4 1 5 1.6 17 1.8 19 20 21 22 


02MHCI,mL 85.0 672 53.2 41.4 32.4 260 20.4 16.2 13.0 10.2 78 


3.2.4 Hydrolysis Experiments 

HYDROLYSIS USING ASPIRIN TABLETS: 

Aspirin tablets: 325 mg acetylsalicylic acid tablets were tested in pH 1.2 simulated gastric 

fluid solutions. Dissolutions were conducted using vessel volumes of 100 mL and at 37 0e. 

All dissolutions were conducted using an agitation speed of 100 rpm. The dissolution run 

times were set for 1.5 hours. 

HYDROLYSIS USING ASPIRIN POWDER: 

Aspirin powder: acetylsalicylic acid powder samples were tested in pH 1.2 simulated gastric 

fluid solutions. Dissolutions were conducted using vessel volumes of 100 mL and at 37 <:IC. 

All dissolutions were conducted using an agitation speed of 100 rpm. The dissolution run 

times were set for 1.5 hours. 

3.2.5 ATR·IR analysis 

The ReactIRTM iC I 0 FTIR instrument is composed of an MCT detector (liquid nitrogen 

cooled) and the FiberConduit™. The FiberConduit™ is comprised of flexible IR transparent 

silver chloride/silver bromide optical fibers. The fiber optic probe interface (AgX 9.5 mm x 

1.5 m Fiber (Silver Halide)) contains a diamond tip-DiComp ATR crystal. The resolution was 

[67] 
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3.3 Results and discussion 

3.3.1 Hydrolysis of aspirin to salicylic acid in test tubes 

Prior to starting the hydrolysis experiments, a qualitative measurement was investigated for 

determining the presence of salicylic acid in solution. As discussed earlier, acetylsalicylic acid 

hydrolyzes to salicylic acid in the presence of an acidic medium. Ferric chloride was found to 

be a good qualitative test for salicylic acid. Ferric chloride, or iron (III) chloride, will not react 

with aspirin. It will, however, react with salicylic acid, which is used to synthesize aspirin and 

is also the hydrolysis product of aspirin. Moreover, the formation of an iron-phenol complex 

will occur.48 Thus, adding an aqueous ferric chloride solution to a sample of aspirin is a good 

way to see if there is any salicylic acid present and a purple color is an indication of salicylic 

acid. A sample of pure aspirin should not exhibit any color change. The ferric chloride color 

test is shown in Figure 3-4. 

48 Cha, K.; Park, K. Determination of iron (III) with salicy lic acid by fluorescence quenching method. Talanta 
1998,46(6),1567-1571. 

[71] 
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Figure 3-4 Ferric chloride color test- control samples 
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