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ABSTRACT 

THE ACID/BASE PROPERTIES Of PROCAINE. DIBUCAINE , AND 

DYCLONINE IN A□UEOUS SOLUTION STUDIED BY FOURIER TRANSFORM 

INFRARED SPECTROMETRY. 

Darla Gault Little 

Master of Science 

The primary effect of local anesthetic agents in 

producing a nerve conduction block is to decrease the 

permeability of the nerve membrane to sodium ions. 1 

ii 

According to the specific receptor hypothesis, the most 

favored theory today. the anesthetic must first diffuse 

through the nerve sheath and then bind to a receotor site 

located in the nerve membrane. 1 It is well known that the 

pKa or dissociation constant of a soecific local anesthetic 

is directly related to its nerve blocking action. 2 Fourier 

transform infrared spectrometry was used to analyze the 

characteristics of procaine. dibucaine , and d~clonine , all 

local anesthetics, A pKa study was performed us i ng aqueous 

and mi x ed sol vent solutions of varying hydrophobicity to 

investigate the solvent effect on the pKa of these local 

anesthetic agents. By comparing and contrasting the infrared 

spectra of these anesthetic agents in aqueous , 25%, 50%, and 

7S~ acetonitrile solutions , the effects of varying sol vents 
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and pH could be studied. Procaine, dibucaine , and dyc l onine 

were analyzed in an approximate concentration of 0.0~ Mat a 

pH range of 2 - 12. Cammon absorption bands were observed as 

the solvents and pH were changed. 

From their absorption spectra , the pK8 values of 

procaine , dibucaine, and dyclanine in water were 

experimentally determined using two different methods of 

calculation. These e xperimental values, listed in Table 3, 

compare favorably with reported literature values far aqueous 

solutions. Addition of acetanitrile to prepare aqueous 

solutions containing 25 , SO, and 75 volume percent 

acetonitrile caused the pKa values to vary , neither steadily 

increasing nor steadily decreasing , but remaining in the 

range of 8 ta 9. 
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CHAPTER I 

INTRODUCTION 

PROCAI NE 

Struct re and Chemistry 

Procaine, c13 H20 N2 □2 , also referred to as 4-amino

benzoic acid 2- Cdiethylamino) ethyl ester is a tertiary amine 

and is classified as an ester linked local anesthetic. Its 

structure is illustrated in Figure 1. Other pertinent 

chemical and physical data for this compound include: a 

melting point of 61°C, a molecular weight of 236.30 a.m.u., 

and its action as an alkaloidal base. 1 , 3 

figure 1 - Structure of Procaine2 

The hydrochlcride for m, procaine hydrochlcride, 

□c=~rs as a white cr~stall ine powder that i s freely sol uble 

in watar. 3 As ~l ovacains® it is employed as the sole lccal 

a nesthetic agent for pa in control ~n de ntistry. 4 
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Structu re and Chemistry 

□ .:.bucaine , c20 H29 N3 □2 , a l so kn own as Perca in~ , Cin

chocai ne@), Nupercain~, and 2-butoxy -N-[ 2- C diethy lami no ) 

ethy l J-4-quinol inecarbox amide is a quinoline deri vati ve and 

i s classif i ed as an amide type local anesthetic. 5 , 6 Its 

structure is illustrated in Figure 2. Other chemi cal and 

physical data for this compound include: a melting point of 

6~ 0 c, a molecular weight of 343.92 a.m.u. and its action as a 

lipid sol ubl e base. 5 ,6 

Figure 2 - Structure of Dibuca.:.ne 

The hydrochloride form, Di buca ine hydrochloride, is 

a white c~ystal line ccmpoun d wh.:. ch is partially solutle in 

•ater , but freely sol ubl e in alcohol, acetone, and c h~oro

form.5 Dibucai n e .:.s k own to be one of the most potent, 

most tox ic, a nd longest act ing of the commonly empl oyed 

local a n esthetics. 7 It is about fifteen times as potent a nd 

as tox .:.c as pr□=aine, and its anesthetic act ion lasts about 

three times as long. 7 D~bucaine hydrochloride is 

infrequently used either topically or by i nJ ection. 7 



Dyclonine 

Structure and Chemistry 

Cl -p iperdi nyl) -1-propanons is chsmically unique From all 

other local anesthetics in that i t i s a ketone. 8 Its 

3 

structur e is illustrated in Figure 3. Other importa nt 

chemical and physical information include: a melting point of 

175-176°C for the hydrochloride, a molecular weight of 289.~3 

a. m.u. and its action as a topical anesthetic. 8 

Figure 3 - Structure of Dyclonine 

The hydrochloride form, Dyclon ine hydrochloride i s a 

white crystalline compound whi ch is slightly soluble in 

water, but freely soluble in both a lcohol and acetone. 8 As 

Dyclan~ hydrochloride it is primar ily used as a topical 

anesthetic and i s adm ini stered to patients with a k nown 

sensiti vi ty to local anesthetics of other chemi cal groups. 9 



General Prooert i es of Local Anesthet i c Drucrs 

Local anesthetics have many actions in common , and 

before discussing the pharmacology of the individual members 

these general properties will be considered. 6 

Chemistry and Structure - Activity Relationship 

All useful local anesthetics consist of three parts. 

There is a water loving or hydrophilic amino group that is 

connected by an intermediate group to a lipid soluble or 

lipophilic aromatic residue. The amino group is either a 

tertiary amine as in the case of procaine , dibucaine and 

dyclonine , or a secondary amine. The link between the 

intermediate group and the aromatic residue is either an 

amide bond , as in dibucaine , or an ester linkage as in 

procaine. 10 □yclonine as mentioned prev iously is chemically 

unique in that it is a ketone. 8 The nature of this 

intermed i ate linkage is important in defining several 

prooerties of the local anesthetic, i ncluding the basic mode 

of b i otransformation. 1 Amide linked local anesthetics such 

as dibuca i ne are re l at ively res i stant to hydrolysis. 1 

Changes i n a ny part of t he local a nesthetic molecule wi ll 

alter t he anesthetic potency and the tox icity of the 

compound. 6 In the case of procaine , increasing the length of 

the alcohol i c group leads to a greater anesthetic potency. 6 

It a l so leads to an i ncrease in toxi c ~ty so t hat com pounds 

With an ethyl ester , li ke procaine , e xhibit the least 

t□x icity. 6 The length of the two terminal groups on the 
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tertiar~ a mino ni troge i s also important. 6 

Mode and Site of Action of Local Anesthetics. 

The nerve membrane is the site at whi ch local 

anesthetic agents e xert their pharmacological actions. 11 

Several theories e x ist today as to precisely where on the 

nerve membrane local anesthetics act to produce a conduction 

blockage. 12 The most fa vored theory today proposes that local 

a nesthetics act by attaching themsel ves to specific receptors 

in the nerve membrane. 1 The action of the drug is direct, 

not brought on by some change in the general properties of 

the cell membrane. 1 Both biochemical and electrophysiol

ogical studies have shown that a specific receptor site for 

local anesthetic agents e x ists in the nerve membrane. 1 The 

local anesthetic receptor is most likely located at or near 

the sodi um channel in the nerve membrane, either on its 

e xternal surface or en the internal a xoplasmic surface. 1 

The echanism or mode of action of local anesthetics 

can be described as follows. The local anesthetic agent will 

block nerve conduction by interfering with the process 

essential to the generati~n of the nerve action pote ntial, 

namely the large transient increase in the permeability of 

the membrane to sodium ions that is produced by a slight 

depolarization of the nerve membrane. 6 Thus the primar~ 

effect of local a nesthetic agents in producing a conduct:on 

block is to dec~ease t~e permeability of the nerve membrane 

tc Sod:um ions. 1 As stated pre, iously, the local anesthet i c 
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receptor is mast likely located at or near the sodium channel 

in the nerve membrane. Therefore, there is strong evidence 

that when a local anesthetic molecule diffuses through the 

nerve sheath and binds to a receptor site located in the 

nerve membrane it acts as an antagonist to block sodium ion 

permeability and the final result is a conduction blockade. 

Effects of pH and pKa an Local Anesthetic Activity. 

As prepared in the laboratory, a local anesthetic 

amine or base is only slightly soluble in water and quite 

unstable an exposure to air. 2 This form of the drug has 

little or no clinical value. Weakly basic it combines 

readily with acids to form local anesthetic salts. These 

local anesthetic salts are quite soluble in water and 

comparitively stable. Thus, local anesthetics used far 

injection are dispensed as salts , most commonly the hydro

chloride salt dissolved in either water or saline solutian. 2 

It is a well known fact that the pH of the local 

anesthetic solution and the characteristic pK8 of the local 

anesthetic have a direct effect an its nerve blocking 

action. 13 Acidification of tissue will decrease local 

anesthetic activity. For example , if a local anesthetic is 

injected into an inflamed area anesthetic acti v ity will 

decrease because the inflammatory process produces acidic 

Products. The pH of normal tissue is 7.~, the pH of an 

inflamed area is 5 to 6. On the other hand , alkalinizatian 

of a local anesthetic solution speeds the onset of action or 
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the time it takes for the local anesthetic to begin 

working. 13 This is especially true when anesthetics are 

applied to isolated nerve trunks or to the cornea, where the 

buffering capacity of the tissue fluids is limited. 1~ It has 

been predicted therefore that previous alkalinization of an 

anesthetic solution will increase its clinical effective

ness.1~ However objective tests have failed to substantiate 

this point, and mast alkaline preparations have the 

disadvantage of being relatively unstable. 1~ 

As previously stated, local anesthetics are available 

as salts. 2 In aqueous solution the anesthetic salt e x ists in 

two forms simultaneously, the uncharged basic form and the 

charged cationic form. 2 The relative proportion of each farm 

present in solution depends on both the pH of the solution or 

the surrounding tissue and also the pKa, or dissociation 

constant , of the specific agent. 13 The two factors involved 

in the anesthetic action of a local anesthetic are diffusion 

cf the agent through the nerve sheath and binding at the 

receptor site in the cell membrane. 15 The uncharged, lipid 

soluble, free base form is responsible for diffusion of the 

local anesthetic through the nerve sheath whereas the charged 

cationic form is necessary for binding at the rece□tor site. 2 

A local anesthetic with a high pKa has very few 

molecules available in the free base form at a normal tissue 

PH of 7.~. 16 Anesthetic action of this agent would be poor 

because too few base molecules would diffuse through the 

nerve membrane. On the other hand a local anesthetic with a 

WI LUAM F. r., 11 .. G LI RR ARY 
''"' t1 1nf'T. ~, ,; r,-..,. /\, r 1, ,,1,,1- n r-1 ,-
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low pKa has a very large number of base molecules which are 

able ta diffuse through the nerve sheath. However , 

anesthetic action of th i s agent would also prove inadequate 

because at a normal intracellular pH only a very small number 

of base molecules would associate back to the cationic form 

necessary far binding at the receptor site. 16 

In clinical situations the pH of the extracellular 

fluid determines the ease with which a local anesthetic moves 

from the site of administration into the cell membrane. 17 

The intracellular pH remains quite stable and independent of 

the e xtracellular pH. 17 This is because the hydrogen ion 

li ke the local anesthetic cation does not diffuse through 

tissues. 17 The pH of e xtracellular fluid may therefore differ 

from that of the nerve membrane. 17 The ratio of anesthetic 

cation to base may therefore also vary at these sites. 17 

The pKa of a local anesthetic not only gives us some 

idea of the relative proportion of uncharged and charged 

molecules in solution but also is directly related to the 

rate of onset of clinical action of a specific local 

anesthetic. 18 As in the case of procaine, the onset of 

action is q u ite high due to the fact that its pKa value is 

also high. 19 It can be concluded that the relative onset of 

action of a local anesthetic is directly proportional to its 

respective pKa,19 

These concepts are the main goals of this research 

Pr□ Ject which are to study the acid / base properties of local 

anesthetics in aqueous acetonitrile solutions using Fourier 
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Transform Infrared Spectrometry. These pKa studies are 

performed with aqueous and mixed solvent solutions of varying 

hydrophobicity to investigate potential changes in pKa upon 

nerve membrane interaction of these local anesthetic agents. 

Pharmacological Actions 

Local anesthetics not only block conduction in nerve 

axons in the peripheral nervous system but also interfere 

with the function of all organs in which conduction or 

transmission of impulses occurs. 20 Therefore, they have 

important effects on the central nervous system, the 

autonomic ganglia, the neuromuscular Junction, and all types 

of muscle fiber. 20 

All nitrogenous local anesthetics , including 

procaine, dibucaine, and dyclonine, may cause stimulation of 

the central nervous system or CNs. 20 This action produces 

restlessness and tremor which may lead to clonic convul

sions.20 Typically, the more potent the anesthetic the more 

readily convulsions may be produced. 2 0 Alterations of CNS 

activity are thus predictable from the local anesthetic agent 

in question and the blood concentration leve1. 20 

A study done by Frank and Sanders in 1963 suggested 

that the apparent stimulation and the subsequent depression 

Produced by applying local anesthetics to the CNS were both, 

in fact, due solely to depression of the neuronal activity. 

The evidence for this theory is that, when a local 

anesthetic, in this case procaine, is applied to the cortical 
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neurons in isolated slabs of cerebral cortex, only depression 

of the directly evoked electrical responses is obtained. 6 

Depression of activity is also the only effect that 

anesthetics like procaine produce in monosynaptic and 

polysynaptic spinal reflexes, according to a study done by 

Taverner in the 1960 ' s. 20 Unlike cocaine, a natural 

anesthetic, synthetic anesthetics such as procaine, dibucaine 

and dyclonine are less stimulating to the higher cerebral 

centers and do not cause addiction. 10 , 21 

Local anesthetics also affect transmission of the 

neuromuscular junction. 22 Harvey in 1939 observed that the 

close intra-arterial injection of as little as 0.2 milligram 

of a particular local anesthetic into the cat's tibialis 

anterior muscle reduced twitches and tetanic responses evoked 

by maximal motor-nerve volleys, and the response of the 

muscle to injected acetylcholine. 22 The muscle, however, 

responded normally to direct electrical stimulation. A local 

anesthetic will not only affect the neuromuscular Junction 

but it also have a marked affect on the synaptic endings of 

the ganglion cells. When procaine was added to the fluid 

perfusing a gangl i on , preganglionic stimulation failed to 

elic i t postgangl i on i c d i scharges and the ganglion cells 

became i nsensiti ve to stimulation by acetylcholine. 22 

Following systematic absorption , loca l anesthetics 

act on the card i ovascular system. 22 The primary site of 

action is the myocardium , where decreases in electrical 

e xcitab i l i t y, conduct i on rate , and force of contraction 



occur. 22 Studies on isolated atrial and ventricular muscle 

revealed that procaine increased the effective refractory 

period, raised the threshold for stimulation, and prolonged 

conduction time. 22 These cardiac actions of this local 

anesthetic would be of therapeutic interest were it not for 

the rapid metabolic destruction of the compound and the 

propensity of local anesthetics to cause central stimula

tion.22 

11 

Finally, local anesthetics have been known to depress 

contractions in strips of isolated intestine and in the 

intact bowel. This spasmolytic action seems to be caused by 

local anesthetic depression of the smooth muscle. This study 

was done by Zipt and Dittmann in 1971. 22 



12 

Chapter II 

HISTORY 

General Descriotion of Infrared Soectrometry 

When electromagnetic radiation passes through 

molecules it is transmitted, scattered and absorbed. The 

absorption phenomenon helps resolve relationships between the 

wavelength of absorbed radiation and molecular str~cture. 

For the infrared region of absorption which pertains to 

wavenumbers within the range of 12,800 to 10 cm- 1 , molecules 

can be treated as masses (atoms) connected by springs 

(bonds). It is a property of mechanical systems that they 

have characteristic vibrational frequencies or resonances 

that absorb energy from applied oscillatory forces. Small 

masses or shift springs give rise to high vibrational 

frequencies and it is a consequence of the tightness of bonds 

that molecular vibrations occur in the infrared region. The 

probability of absorption per molecule depends on the change 

of dipole moment during vibration. A large change in dipole 

moment accompanies intense absorption. 23 

Even for simple molecules the number of vi brational 

frequencies is large. However , not all of these vi brations 

Will appear in the spectrum because many are highly 

symmetrical vibrations that produce small changes in dipole 

moment. A further complication is that o vertones and 
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combi nation bands occur with moderate intensit~. Fortunate

ly, certain functional groups and structural units have 

characteristic absorption frequencies that change very little 

from molecule to molecule. For many structural units , the 

frequency shifts that do occur can be related to variations 

in the neighboring structure. 23 

Princ i cles of Fourier Transform I nfrared Spectrometry 

Introduction 

Since radiant energy consists of trains of electro

magnetic waves, generally of many frequencies superimposed, 

the instantaneous electrical and magnetic fields at any point 

will be the resultant of those due to the indi v idual 

frequencies. Therefore it should be possible , in princ i ple , 

to retrieve all the information carried by a beam s i mpl~ by 

letting it fall on a radiation detector and plott i ng the 

response as a function of time. Before the invention of the 

Michelson interferometer there was difficulty with such an 

approach in that alternating fields , wi th frequencies of the 

order of 1014 Hz , were many orders of magnitu de too fast to 

follow with an~ k nown detector. 24 

The Michelson Interferometer 

This speed difficulty was overcome through the use of 

the Michelson interferometer which is d i agrammed in f i gure 4. 



L t 
Source ~ 

0~ 
~ 

BS 

r--~ Detector 
To amplifier 

Figure lf. Schematic Diagram of Michelson Interferometer2 lf 
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Radiation from the source is collimated b~ lens Land then 

divided into two equal parts by the beam splitter BS. The 

beams are reflected back b~ plane mirrors Ml and M2. 

Portions of both beams are finally incident on the detector. 

If the two mirrors are an equal distance from BS , the 

detector will see the same time-varying electromagnetic 

fields that it would have seen without the interferometer, 

but , because of losses , they will be only about half as 

intense. If mirror M2 is then moved to the right along the 

optical axis, the phases of the two beams reaching the 

detector will differ, and interference will result. The 

retardation of the phase for a given increase in path length 

depends on the wavelength of the radiation, and is observed 

by the detector as a series of successive max ima and minima 

of intensity. 24 

To be used as a spectrometer , mirror M2 is forced to 

move at a constant speed for a distance of a few millimeters, 

which is many times longer than the longest wavelength to be 

encountered. This causes the response of the detector to 

fluctuate at a rate dependent on the speed of motion and the 

wavelength of the radiation. The action of the interfe

rometer can be thought of as equi valent to chopping the 

radiation at a frequency gi ven b~ 2VV where v is the velocity 

of the moving mirror in centimeters per second , and Vis the 

wavenumber of radiation in cm- 1 . In a typical instrument. 

th · · ls is equi valent to chopping simultaneousl~ at a frequency 

cent · inuously variable from about 1250 Hz at the high 



wavenumber end of the spectrum to 125 Hz at the low end. 

These frequencies are easily fallowed by a thermal detector 

which responds to the time deri vati ve of the temperature 

rather than the temperature itself. This detector is known 

as a p~roelectric detector.25 
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This combination of frequencies with corresponding 

amplitudes will produce a unique interferogram. The 

pulsating beam leaving the interferometer is directed through 

the sample cell and focused on the detector. 25 See Figure 5. 

FTIR Detectors 

Interferograms are not readily interpreted without a 

digital computer. Fram a mathematical standpoint the 

interferogram is the Fourier transform of the spectrum. 

Therefore , the Jab of the computer is to apply the inverse 

Fourier transform. 26 

Fourier transform infrared spectrometers employ 

infrared detectors of two types. The first type is known as 

a thermal detector which operates by sens i ng the change of 

temperature of an absorbing material with output obtained 

from a pyroelectric detector , bolometer , thermistor bolo

meter, pneumatic detector , or Galery detectar. 27 The second 

type of detector is a quantum detector which senses i nfrared 

radiation based on the interaction of radiation with the 

electrons in a sol i d which cause elec t rons to be e xc i ted to a 

h· lgher energy state. 27 



1 7 

IR source 

t Interferometer 

Figur-e 5. Optical Diagr-am or FTIR Spectophotometer-28 
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Cylindrical Internal Reflection - Sampl ing Techniques 

Sample analysis may be performed by using a technique 

known as internal reflectance spectroscopy. This technique 

invol ves passing the infrared radiation through an infrared 

transmitting crystal of high refracti ve inde x and then 

allowing the radiation to reflect off the crystal after 

e x tending slightly into the solution. 29 The ad vantage of 

this technique is optical matching of the interferometer beam 

and crystal geometry and easy processing of liquids, 

especially water. A useful design proposed by Wil ks utilizes 

a crystal rod with cone-shaped ends. This design is illus-

trated in Figure 6. It is known as the circle accessory and 

allows the incoming infrared rays to be directed to the 

cylindrical surface at the desired angle of incidence. 29 

The crystal rad in the circle accessory may be made 

up of zinc salenide, germanium silicon, sapphire, or zinc 

sulfide. The rod is sealed within the sample chamber. This 

chamber allows for a free flow of sample so that it fills 

smoothly and empties completely. The sample to be measured 

must cover the entire rod completely. 29 

This c~rcle cell is useful for t~e fourier transform 

:nfrared analysis of strongly absorbing liquids, solu~ions, 

and mi xtures. Normally, when water is used as a sol vent it 

is difficult to perform FTIR determinations because water's 

h· lghly absorbing bands , especially the OH stretch in 

th9 ~egicn of 3000 cm-1 tend to obscure the wea ker more 
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important bands. This problem is overcome by internal 

reflection spectroscopy because the beam penetration into the 

sample is e xtremely small. The effective path per reflection 

is about 0.0015 mm. Thus , with ten reflections the effecti ve 

pathlength is about 0.015 mm , which results in absorbances in 

the correct range for aqueous solution measurements. 29 

Advantages of FTIR 

Fourier transform spectroscopy has two great 

ad vantages over conventional techniques. 3° First of all it 

makes use of all frequencies from the source simultaneously, 

rather than sequentially as in a conventional scanning 

instrument. 30 This is called the Fellgett advantage, after 

the scientist who first described it. 30 In addition to the 

Fellgett advantage, the sensitivity of the FTIR method is 

greater than that of the dispersi ve technique because more 

radiation enters the slitless system. This is known as the 

Jacquinat advantage.30 

Another advantage of this instrumental technique is 

continual internal calibration of the scanning mirror. This 

calibration is perfomed by an internal laser. Due to this 

calibration the data collected is more accurate and precise 

tMan other techniques because the laser signal is used to 

coordinate sampling intervals and the point at which data 

Collection should begin between successi ve scans. 31 

Lastly, the use of microcomputers and automation make 

tMis techn1· que more useful d 1 an ess time consuming. Before 
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the 1970's the interferogram had to be analyzed using an 

audio-frequency wave analyzer and an XY plotter. 27 Micro

computers have allowed for mare rapid spectra generation from 

interferagrams due to the rapid performance of mathematical 

computations. Also, data manipulation such as baseline 

correction, smoothing, and subtractions can be performed now 

due to increased computer power and storage capability. 32 

Disadvantages 

Although there are man~ advantages in using FTIR 

spectroscopy there are also its share of disadvantages. 

These disadvantages include the sensitivity of the instrument 

ta temperature and vibration, alignment of the instrument's 

components, and a decrease in accuracy due ta approximations 

used in computer calculations.32 , 33 

A disadvantage which must also be pointed out when 

cylindrical internal reflection techniques are used is that 

this is a low light throughput technique. Far this reason, 

the intensity of infrared radiation reaching the detector is 

decreased and high resolution may not be obtained. 3~ 

The cell's pathlength utilized in cylindrical 

internal reflection accessories also presents a problem. 

This pathlength limits detection of substances in very small 

concentrations. 33 A concentration of 0.5~ is usually the 

lower limit of detection. However, this lower level of 

detection can be decreased by using a Quantum detector. 35 
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Fourier Transform Infrared Spectrometers Instrumental Design 

All FTIR spectrometers consist of four basic systems. 

These systems include the interferometer and detector system, 

the data acquisition and optics control system, a general 

purpose computer, and the operator interface. 32 These have 

all been discussed previously to same e xtent. 

Background of FTIR Spectrometry of Aqueous So lutions 

Due to the invention of the cylindrical internal 

reflectance technique, the infrared spectra of aqueous 

solutions can now be studied both qualitati vely and 

quantitatively. 32 

Quantitative studies were performed by Wa ng and Rein 

and by Mathias. Wang and Rein measured the spectra of salu-

tions of varying concentration of beta lactams in aqueous 

s□ lutians. 35 Mathias stud i ed var i ous concentrations of gly-

cine in water so lut ions. Both groups found that there was an 

e xcellent Beer's Law relationship. 29 , 35 Other studies include 

the analysis of shampoo formulatio n s by Sabo, GrGss, a nd 

Rosenburg a nd the a nalysis of ferme ntat ion broths contai ning 

methanol et~anol a nd aceton e by Kuehl a nd Crocombe. Gou_de n 

ana ly zed cows milk a nd Baca studi ed the ef~ects of , arying 

so l ve tad pH of 1-adamantana mine, an anti-v iral agent. 32 

Qua l:tati ve studies incl ude an e valuation of aqueous 

a~t:bict i c sol uti o ns by Wang and Pe i n. 35 Anot he r study by 

Ma~~ -
~ .. -as i c l • ed t he determinat ion of t he s pectra cf water-

s uch as polyacetamide-acrylic acid. 29 



CHAPTER III 

APPARATUS AND MATERIALS 

BioRad FTS-~0 FTIR Spectrometer 

The FTS-~0 is a high performance research grade 

Fourier Transform Infrared Spectrometer manufactured by 

BioRad Laboratories , Inc., Digilab Division. The FTS-~0 

consists of two major components, an optical bench and a 

model 32~0 Data systsm. 36 See Figure 7. 
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The optical bench houses the infrared power source , t he 

single mode helium-neon laser, the fast scanning 60 degree 

Michelson interferometer, the sample compartment , and the 

pyroelectric bolometer. 37 

The 32~0 Data system controls the optics bench and 

performs all the mathematical functions. It includes a 

central processing unit , a twelve-inch , high resolution color 

monitor, a full upper and lower case keyboard and J oystick, a 

data storage unit , a 6-color, single-page , digital plotter , 

and a 120 character per second dot matri x printer. 37 The 

optics bench requires dry air or nitrogen at a minimum of 12 

Psi , at approx imately 0.2 CFM for proper operation of the air 

bearing. In addition , it is highly recommended that an oil / 

water trap and micron filter be used to prefilter the bearing 

Bir,37 
The ceramic IR source requires a supply of non-

Corra · sive cooling water. A minimum water flow of one liter 
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per minute at not more than 28 C is necessary. 37 A schematic 

diagram of the optics bench of the FTS-~O is illustrated in 

Figure 8. 37 

Infrared light from the ceramic IR source is collected 

by the torrodial mirror , Tl, and focused at the aperature. 

Pl collects the energy which passes through the aperature and 

produces a collimated beam which is directed onto the beam 

splitter in the interferometer. 37 The interferometer then 

modulates the IR beam. The collimated , modulated beam that 

e x its from the interferometer is reflected by flat mirror, 

F2 , and collected by off-ax is paraboloid, P2, which focuses 

the beam down to a 12 mm circular image at the middle of the 

sample compartment. The beam then travels to an aspheric 

mirror, Al , which focuses the beam on to a detector , Dl . The 

image size produced here is approximately 2 mm in diameter 

which Just fills the 2 mm detector element. 37 Also light 

from a helium-neon laser follows the same path and is 

detected by the laser detector. 37 

A cylindrical internal reflection accessory was used 

for the measurement of the aqueous acetonitrile solutions. 

The circle accessory was a 3-mL flow-thru cell containing a 

6 mm diameter zinc selenide internal reflection crystal. A 

diagram of the circle accessory is in Figure 9. 38 
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□H Meter 

An Orion model SA 520 pH meter, manufactured by Orion 

Research Inc., (529 Main Street, Boston , Massachusetts 02129, 

Catalog Number SA-520) was used with a glass electrode ta 

measure the pH of the aqueous acetanitrile solutions. This 

instrument is a microprocessor controlled pH meter with a 

touch-sensitive ke~board for fast, convenient , and reliable 

pH , electrode . potential and concentration measurements with 

automatic temperature compensatian. 39 

Combination □H Electrode 

An Orion micro glass/reference combination electrode 

was used. (Orion Research Inc. , 529 Main Street , Boston , 

Massachusetts, 02129). The glass membrane and calomel 

reference electrodes are combined in one probe. 40 

Chemicals 

The following chemicals or solutions were purchased 

for use in this research project. 

A. Sargent Welch (Midwest Regional Office , Cleveland, 

Ohio ) . 

Buffers pH 4 , 7, and 10 (catalog numbers 

S-30141-10-A, -B , and -C). 



B. GFS Chemicals ( Columbus . Ohio). 

6M Double-distilled Hydrochloric Acid from Uycon. 

( Catalog number 660). 

C. Fisher Scientific Company ( Chemical Manufacturing 

Division , Fairlawn , New Jersey). 

Acetonitrile (Catalog number 700 196 ) . 

D. Matheson , Coleman and Bell Manufacturing Chemists 

(Norwood , Ohio). 

Acetonitrile (Catalog number AX149 2726). 

E. Sigma Chemical Company. CP.O. Bo x 14508, St. Louis, 

Missouri) provided: 41 

1. Procaine Hydrochloride Anhydrous Salt. 

(Catalog number 37F-0644). 

2. Dibucaine Hydrochloride Anhydrous Salt. 

(Catalog number 4SF-0769). 

3. Dyclonine Hydrochloride Anhydrous Salt. 

( Catalog number lSF-0489). 

F. Malinckrodt Inc. ( Paris , Kentucky ) . 

Potassium hydroxide pellets . 

29 
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CHAPTER IU 

EXPERI MENT AL METHODS 

The e xoeriment in this research pro j ect deals wi th 

the determination of the infrared spectra of both aqueous and 

aqueous / acetonitrile solutions of procai ne dibucaine. and 

d~clonine to observ e the structural changes which occur in 

these compounds as a fu nction of pH a nd sol vent ccm position. 

Once these spectra are determined, the~ are manipulated b~ 

using the cursor motion key to determine the baseli n e and to 

select important peaks. Then the absorption bands or peaks 

attr ibuted to anesthetics in a_l solutions are used to 

determ~ne the pK8 of these dru~s in ac ueous and mi xed 

so l vents. 

Part A: Preparation of Reagents 

Th~ s e ,:perimen~ invol ed the pr e paration of the 

follo win g so lutio .. s: 

1. S M so :ution of potassium h~ cr~:<i ce. 

2. 25; aceton i trile so!ution "n water. 

3 . SO~ acetonitrile solution in · •ater. 

~- 7s·. ~ -~ ace~on1~rile sol ution in t ater. 

5 · O.o~ M so lut !ons cf ~rocai ne in water , 25~ 



6. 0.03 M solutions of dibucaine i ~ water , 25~ 

acetonitrile , 50% acetonitrile , and 7 5~ aceton itr i le. 

7. 0.03 M solutions of dycl8nine in water, 25~ 

a=etonitrile, 50% acetonitrile, and 75~ acetonitrils. 

Part 8: Flow-thru Cell and Pump Set-up 

A circulating pump attached to a flo w-thru circle 

cell ~s utilized in this e x periment. The circle cell is 
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placed into the FTIR chamber compartment. The input hose to 

this cell originates in the reaction beaker containi g t h e 

sample solution. The output hose from this cell leads t8 the 

same reaction beaker. This beaker also contains the 

combination pH electrode. In Figure 10 the set-up of this 

apparatus is shown. 32 This set-up allows the various 

s □ lLltions to be pumped through the circle accessory 

continuously as the pH is adjusted. When the pH stabilizes 

at the desired alue, the pump is shut off and the spe=trum 

of the solution is measured. 

Part C: FTIR Measurement cf Samples 

Stancard operating procedure of the FTS-~0. 

After the system is turned on the user must log i n to 

a ~~rectory by t~pi ng in a predefined directory na me. 36 Now 

the user is reacy to beg~n work ing with the menu software by 

Pressinrr th 0_ top menu 'K'.""".Y. 36 Th d · l d 1 t 11 ~ - = e is~ aye se_ec ions a o w 
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Diagram of the flow Thru Cell and Pump Set-up32 



asso c i a t e d w: th that ccmma~d . 

e xecut e immed .:..a t e _y , ~u t th e ~a r a me t e r s a sso c i a ted ~ .:.th .:.. t 

f uncti o n k e y s '.J sed :::: u .:.. ':e :'requ e :-i tly 1n thi s e ::::e r.:.. me r. :. are 

li s t ed as f oll o ws: 36 

Fl: Set-uo s pec t ~om e t er 

F3: Scan a n d d i s ol a~ 

FS : □ .: s pl ay 

F9: S u b tr a cti on 
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The ins t r ~me nta l s o e c .:.. fic a ticns o r p arame t3r s u sed wi th t hese 

Thes e p a r a meters were 

set ma nu a lly bu t could eas ily be c r a n ged o ~ c o r r ected d u r ing 

t he c ourse o f t h e e ~ p e riment. 

Wi t hin the set-up f unc t i o n, t~e s y stem e l ectronics 

are ca li b r a:.ej , th e int e r ferog r a m is ~: s pl a ~e d , and 

Funda e rt a l ins trume n t parame t e r s a r e d e t e rmine d . Se t - up i s 

f ~rther u sed to a lign t h e i nt e r fer om e t e r a nd c e rt a in opti cal 

Bt:::essor i es.36 

Once t h e s c ectrcme t er i s ca libra t ed a nd a l i g n ed , t~e 

ach ~r-·~ - und s pec tru m i s c oll ec t ed a n d s t o r ed as a s ing l e beam 

Pectrum a n rl . 
~ 1s sed i n th e ca l c u _at ion o f the abs o rban ce or 

a s m.ttance s pec tr um of t h e t es t sampl e. 36 A tra n s mit ta n ce 

Ctr:..im . 1s t h e rat i c cf t h e sampl e s ing l e b eam s pect rum to 



Table 1 

Ins t~~ me r :a S □ec ifica~ i on s Used 

5oectrome t er Se:- u o 

De t ectcr : I nter n a l 
Scan -soeed: 
De l ay : 
Aoertur-e: 
Lo~ Pass Filter : 
Co-lect Sen s iti v ity: 

Scan a n d Di s ol ay 

Spectru m I \d □ e: 

Resc luti on : 
Nu mber of Sca r. s : 
Spectral Pegion St ar-t: 
5oec tral Peg ion En d : 
No i se l e •; el : 
Apod i zation: 

Di sp l ay 

20 k Hz 
5.0 secon ds 
0 .5 cm-l 
'-±.5 k Hz 
1 

Absorbance 
Bac k gr:ound 
4 cm-l 
256 
3000 cm- 1 
900 cm- 1 

0.05 
Tri angul ar 

Horizont a l Ax i s Start Po in t : 3000 cm- 1 

900 cm- 1 

0.08 
-0.0lf 

Hcr i zo n ta l A):i s En d Po in t : 
Uert i cal Ax i s Ma x imum Ua lue: 
Uert i ca l i:i:-1 s M~n imum Ualue: 

Subtraction 

Left Edge: 
P.ight Edge : 
Subtract i o n Factor : 

3500.5 cm- 1 

3 100 .0 cm-l 
10 
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the background spectrum. The absorbance spectrum is produced 

by computi ng the logarithm to the base 10 of the rec~procal 

of the transmittance spectrum . 36 Both the background and 

sample spectrum can be determined by using the scan and 

display function , whi ch can be accessed by pressing key F3. 

First , the background spectrum name is entered and the return 

key is pressed. To e xecute the scan and display fu nction, 

thee acute key is utilized. Once the background is stored, 

the absorbance spectrum may be taken by entering its spectrum 

name first and then e ~ecuting the function using the e xecute 

The sample spectrum is displayed and is saved in its 

own file by pressing k ey FB and the e xecute key. The 

spectrum may be recalled at any time by using the display 

function. 36 

The last parameter page to be used is the subtraction 

fu nction. The subtraction command produces a □ lot whi ch is 

the difference between the sample's absorpt ion spectrum and 

the reference abscrpt:on spectrum. 36 The spectra are not 

overwritten dur ing a subtraction but instead the original 

da~a is retained, a nd the difference between the two spectra 

is st~red under a new soectrum name. The s ubtraction 

~un=tian was ery useful in this e >:periment in observ ing haw 

the spectra of sample solutions at high pH compared to those 

at a low pH. The peaks that changed drastically in 

atscrbance □ ,er the spec i f ied pH range were easily spctted 

a~d ~he · . - · 1r respect1 · e wa ve numbers were determined using the 

cursor motion function. 
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Part D: E• ;perimental Procedure Using the 32□□ Data S~stem 

1. Reference spectra of procaine, dibucai n e . and dyclonine 

are collected in aq ueous 25% acetonitrile . SO~ 

acetonitr il e , and 75~ aceton itrile solutions at ac i dic 

condition, pH 2. 

2. Once a n acceptab l e reference i s established, the pH is 

adjusted to the ne x t interval by the addit ion of KOH. A 

pump is used to carry this solution tnraugh the c ircl e 

cell until a stable pH is displayed o n the pH meter. The 

pump is then turned cff. Intervals to be tested i elude 

pH~- 5 , 6 , 7, 8 , 9, 10, and 11. 

3. Th e sample soectrum of each aliquot can be determined 

by using the scan and displaLl command described earlier. 

All spec~ra are saved and may be recal l ed using the 

display function. 

~- Once the sample and reference spectra h a ve been 

collected , an a verage baseline !s determined for a gi ven 

peak . The baseline absorbance i s s ubtracted frcm t h e 

ma: .imum for each peak to gi ve a net absorbance ~a lue which 

in turn i s used to calcul ate t he pK a of the drugs in the 

various solutions. 
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CHAPTER U 

EXPERIME NT AL RESULTS AND DISCUSSION 

Introduction 

The acid / base properties of proca i ne , d i bucaine, and 

dycloni n e in vary ing sol vents and pH were studied by using 

Fourier Transform Infrared Spectrometry. The effect of 

sol vent and pH on these compounds in water, 25 , SO, and 75 

percent acetonitrile were studied by noti n g t h e net 

absorba n ce of the infrared absorption bands common to all 

spectra as the pH was ad j usted from acidic conditions to 

al kaline conditions. By using pH 2 solution s as the 

backgroun d , any absorption band changes which occurred as the 

pH became more basic could be noted. 

One ma j or absorption band , peak X, a ppeared 

consistently in all the local anesthetics solutions as the pH 

increased. In the case of procaine peak X occurred in the 

1632- l EOO c m- 1 ran ge for all so lu t ion s tested. Peak X 

occurred in the 15 79- 133~ c m- 1 range fer both aqu eou s a nd 

ac2tonitril e sol uti o ns of di~u ca ine. Lastly p eak X for 

d==l~nine occurred in the 1726- 1182 cm- 1 range for all 

Sol ut ions monitored. Th e indi v i dual wa v e numbers for peak X 

f~~ ~_11 - so ~utions tested are listed in Tables 2 and 3. 

r· 
igwres 11 to 22 illustrate t h e character i st i c infrared 

9
Pect~a of proca ine dibucai n e , a n d d~c l on ine in water and 
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25, SO , a nd 7 5 percent acetonitril e sol ution s under al ~a-ine 

conditions. 

A correlation chart was used to interpret the 

=haracteristics of these infrared spectra. The region from 

4000-1400 cm- 1 is useful for the indentification of various 

functio n al groups. The range of infrared wa velengths used in 

this e xperiment was appro x imately 3000-900 cm- 1 . This region 

shows absorption bands arisi ng from scissoring , stretching, 

and bending v ibrations. Using this chart, peak X may be 

attributed to both the NH 2 scissoring v ibration and the NH 3 

bending v ibration mode for procaine, the secondary amide bend 

and the NH3 bending v ibrational mode for dibucaine, and, 

lastly, the C-N and C=O stretch vi brational modes for 

dyclonine. 42 

Deter mi~ a ticn cf cK 3 values 

The pKa values of the anesthetics were calculated 

usi g the net absorbance val ue changes of peak X in varyi ng 

so l ve nt s and pH. These v a lues a~e listed in Tables 4 to 15. 

The absorbance values of t~ese peak s were plotted 

a;ai nst ~H to obtain an S-shaped curve. !n figure 23 is 

s~awn the t yp e of curv e obtained. 43 A curv e fitting program 

was utilized to gi ve a polynomial fit of the corresponding 

I n figures 24 to 35 are illustrated the curves 

Obtained for the local a nes~het i c sol uticns studi ed. The 

□rear used for each pea k measured i s also listed 



Figur-e 23. 

pH 

Standar-d P l ot of Absor-bance v s p H 
for- a Weak Acid , HA~3 

39 



'-±0 

in Tables 2 to 13. Using these curves the pK
8 

of pr~caine, 

dibucaine, and d~clonine could be determined b~ two methods. 

The first method invol v ed using the 5-shaped curves 

to obtain the relative values for [A-J and [HAJ. The ratio 

of [A-J to [HAJ was then calculated using the following 

formula:'-±3 

[A-J ,. 
[HAJ 

A - Aa 
Ab - A 

C 1) 

Standard values for A, Aa, and Ab are gi v en in Figure 16. 

The logarithm to the base ten of this fraction was then 

calculated. These values are also listed in Tables 2 to 13. 

These determinations can be calculated due to the 

dissociation of these compounds. The equilibrium e x pression 

for such a dissociation can be written:'-±3 

Ka - [}{+J C~ ~ 
[HAJ 

Taking the negati ve log of both sides of this equation gi ves: 

pKa = pH - log [A-J 
[HAJ 

The slope inter=ept form of the eq uation whi ch gi ves a 

straight li ne i s as follo ws:'-±3 

log [A-J 
[HAJ 

pH - pKa 

(3 ) 

C '-± ) 



line, y 

C~mpar ing equat ion~ to the equation fo~ a st~a i ght 

mx + b, the measured pKa values can be determined 

where y = log CA-J / CHAJ, t h e slope is equal to 1, a n d the 

intercept equals the negati ve pKa. Thus , when the log term 

is plotted vs pH, the slope is 1, the intercept is negative 

pKa, and the line crosses the pH a xi s at pH= pKa. At this 

point CA-] equals CHAJ, therefore, the log of the ratio of 

these terms is zero , making pH= pKa.~3 

Using the above form of the equation the logarithm 

values of the rat i os are obtained and plotted against the 

measured pH. The best line fit is calculated using linear 

regression and the measured pKa is determined by obtaining 

the pH at which the line crosses the x a x is. Th ese graphs 

are illustrated in Figures 36 to 47. 

The second method for determini ng pKa invol ved usi n g 

a computer program known as Hyperplot. Hyperplot i s an easy 

t□ use program for data analysis and plotting for the IBM 

PC / XT / AT com~uters.~4 Single k eystroke commands allow access 

to 150 Hyperplot functions. 44 Data may be input i n one- or 

two-dimensional form from a disk file, the keyboard , or with 

a grap h ics cursor, and outpu t is to a dot matr i~ printer or a 

Plctter. 44 Once the data is read in , a wi de var i ety of 

mathematical and graphics functions may be performed. 

The Hyperplot function used in this project was 

~ifferentiation of the plotted data. Namely absorbance 

~arsw s PH fer the local anesthetic so lu tions. Ta k ing the 

y . absorbance ) wi th respect to x CpH) a spike-



s haped curve is obtained. The ma x imum of the cure is the 

corresponding pKa value whi ch can be displayed by using the 

cursor motion key. The Hyperplot functions fer each 

anesthetic solution are shown in Figures 48 to 59. 

The pKa values obtained by both methods, namely 

Hyperplot and linear regression are listed in Table 14. 

These pKa values must be adjusted due to the fact that the 

hydrogen ion acti vi ty measured by the pH meter must be 

corrected. The reason for this is that the electrode 

response is affected by solutions containing nonaqueous 

sol vents. 32 This correction can be done by using a formula 

proposed by McBryde and Mui. The formula is as follows: 

The symbol•• represents equilibrium constants established 

for mixed sol vents. 45 These constants are 0.97 for 25% 

(5 ) 

aceton itril e solutions, 1.22 for 50% acetonitrile solutions, 

and 2.42 for 75 % acetonitrile solutions. 46 Once the [H+J is 

determi ned using equation 5 , the adjusted pH can be 

calcu l ated. As mentioned earlier, the pH equals pKa at the 

PH i ntercept when the log [A-J / [HAJ is plotted versus pH, 

thus the val ues obtained are the adjusted pKa values. These 

Values are listed in Table 15. 
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Table 2 

Local Regression 
Anesthetic Medium Peak X H\:jper:olot Formula 

Ccm-1 :i CpKa) CpKa) 

Procaine in water 1606 9.1 9.0 
25% acetonitrile 1606 8 . If 8.6 
SO% acetonitrile 1606 8.0 8.2 
75% acetonitrile 1632 9.3 8.7 

Dibucaine in water 1579 8 . If 8.2 
25% acetonitrile 133Lf: 8.0 7.8 
50% acetonitrile 133Lf: 8.3 8.5 
75% acetonitrile 133Lf: 8.7 8.7 

Dyclonine in water 1182 8.5 8.3 
25% acetonitrile 1600 8.8 8.6 
50% acetonitrile 1600 8.Lf 8.Lf 
75~~ acetonitrile 1726 8.3 8.3 



Table 3 

Adjusted pKa Ualues 

Local Regression 
Anesthetic Medium Peak X H!:Joerplat Formula 

Ccm- 1 ) CpKa) CpKa) 

Procaine in water 1606 9.1 9.0 
25% acetonitrile 1606 8.3 8.6 
so~, acetonitrile 1606 8.1 8.3 
75% acetonitrile 1632 9.7 9.1 

Dibucaine in water 1579 8 . '-± 8.2 
25% acetonitrile 133'-± 7.9 7.8 
50% acetonitrile 1331.f 8 .'-± 8.6 
75% acetonitrile 1331.f 9.1 9.1 

Dyclanine in water 1182 8.5 8.3 
25% acetonitrile 1600 8.8 8.5 
so~, acetanitrile 1600 8.5 8.5 
75% acetanitrile 1726 8.7 8.7 



Table'-± 

Experimental Data Obtained Fram Peak X F□r Procaine 
In Water. 

Net Absarbance Lag [A-J I [HA] 

;gl! Peak X ~ Peak V 
/',. 

6.Lf9 0.013 6.7 -1.68 
7.62 0.016 6.9 -1.37 
8.21 0.019 7.1 -1.27 
8.Lf3 0.020 7.3 -1.18 
8.66 0.023 7.5 -1 . 08 
8.85 0.025 7.7 -0.96 
9.01 0.027 7.9 -0.86 
9.23 0.030 8 .1 -0.73 
9.65 0.037 8.3 -0.59 
9.88 0.0'-±0 8.5 -0.'-±7 

10.22 O.Olf3 8.7 -0.31 
8.9 -0.16 
9.1 0.00 
9.3 0 .19 
9.5 0.36 
9.7 0.58 
9.9 O. 8'-± 

Regression order a 5 



Table 5 

Ex □erimental Data Obtained From Peak X For Procaine 
In 25% Acetanitrile. 

Net Absarbance Lag [A-J / [HAJ 

□H Peak X Q.!i Peak X 

5.66 0.011 6.75 -1.72 
7.68 0 . 013 7.0 -1.18 
8.26 0 .01'-± 7.25 -0.95 
8.Lf6 0.015 7.5 -0.69 
8. 71± 0.017 7.75 -0.1±6 
8.96 0.019 8.0 -0.29 
9.32 0.020 8.25 -0 .15 
9.53 0.021 8.5 -0.002 
9.71 0.021 8.75 0.02 
9.96 0.022 9.0 0.29 

10.23 0.022 9.25 0.1±2 
10.60 0.023 9.S 0.55 
11 . 30 0.023 9.7S 0.75 
12.1±3 0 . 021± 10.0 0.9S 
13.01 0.02'-± 10.25 1.15 

10.5 1.'-±1 
10.7S 1. 61 

Regression orders S. 



Table 6 

Experimental Data Obtained From Peak x For Procaine 
In 50% Acetonitrile. 

Net Absorbance Loa [A-J I CHAJ 

oH Peak X ~ Peak X 

5.81 0.00580 6.75 -1.Lf2 
6.91.f 0.00665 7.0 -1.03 
7.87 0.00870 7.25 -0.75 
8 .12 0.011 7.5 -0.52 
8.29 0.011 7.75 -O.Lf2 
8.55 0.013 8.0 -0 .15 
8.73 O.Ollf 8.25 0.0'-± 
8.92 0.01'-± 8.5 0 .18 
9.33 0.016 8.75 0.39 

10.Lf9 0.016 9.0 0.60 
9.25 0.82 
9.5 1.1 If 
9.75 1.57 
10.0 1.90 

Regression order - 3. 



Table 7 

Experimental Data Obtained From Peak X For Procaine 
In 75~ Acetonitrile. 

Net Absor:bance Log [A-J I CHAJ 

Q!i Peak X '21:i Peak X 

1±.89 0.00805 5.6 -1.87 
6 .19 0.0081±5 6.0 -1.56 
7.27 0.00910 6.1± -1.25 
8.05 0.01 6.8 -1.11 
8.57 0.011 7.2 -0.99 
9.03 0.013 7.6 -0.81 
9.66 0.016 8.0 -0.59 

10,Y:l 0.018 8.1± -0.38 
10.83 0.018 8.8 -0.18 

9.2 0.08 
9.6 0.1.fO 

10.0 0.86 
10.Lf: 1.56 

Regression order - 5. 



Table 8 

Experimental Data Obtained Fr□m Peak X F□r □ ibucaine 
In Water. 

Net Abs□rbance L□g CA-J I CHA] 

cH Peak X mi peak X 

3.55 0.00110 6.5 -1.68 
Lf.72 0.00115 6.75 -1.27 
5.32 0.00310 7.0 -1.0 
6.12 0.001.flS 7.25 -0.76 
6.89 0.00580 7.5 -0.57 
7.78 0.00685 7.75 -0.31f 
7.93 0.010 8.0 -0 .18 
8 .15 0.011 8.25 -0.007 
8.3 0.011.f 8.5 0 .17 
8.Lf8 0.020 8.75 O.LfO 
8.72 0.020 9.0 0.57 
8.92 0.021.f 9.25 0.88 
9 .10 0.026 9.5 1.27 
9.30 0.027 9.75 1.68 

10.00 0.028 

Regression order= Lf. 



Table 9 

Experimental Data Obtained From Peak X for Dibucaine 
In 25% Acetonitrile. 

Net Absorbance Log CA-J I CHAJ 

oH Peak X QJi Peak X 

Lf.39 O.OOOLfS 6.75 -2.21f 
5.75 0.001'-±0 7.0 -1.21 
6.29 0.00205 7.25 -0.99 
7 .18 0.00560 7.5 -0.'-±1 
7.37 0.00760 7.75 -0 .13 
7.88 0.026 8.0 0.21 
8.03 0.053 8.25 0.55 
8 .15 0.081.f 8.5 1.06 
8.27 0.082 8.75 1.98 
8.5 0.090 
9.0 0.095 

Regression order='-±. 

so 



Table 10 

Exµer i mental Data Obtained From Peak X For Dibuca i ne 
In 50% Acetanitrile. 

Net Absarbance Lac CA-J I CHA] 

oH Peak X gH. Peak X 

6. 1'-± 0.00425 7.50 -1.86 
7.08 0.00720 7.75 -1.05 
7.93 0.016 8.0 -0.82 
8.10 0.027 8.25 -0.32 
8.25 0.057 8.5 0.008 
8 . 38 0.084 8.75 0.36 
9.00 0 .124 9.0 0.78 
9.62 0 .148 9.25 1.45 

Regression order - 4. 

51 



Table 11 

Experimental Data Obtained Fram Peak X Far Dibucaine 
In 75~ Acetanitrile. 

Net Absarbance Lag CA-J I [HAJ 

oH Peak X Q1i Peak V 

" 

5.84 0.00'-±95 7.35 -1.98 
6.86 0.00565 7.60 -1.38 
7 . 8'-± 0.00755 7.85 -0.99 
8 .19 0.009'-±5 8 .10 -0.67 
8.33 0.010 8.35 -0.41 
8.60 0.014 8.6 -0 .16 
8.89 0.018 8.85 0.07 
9.05 0.020 9.0 0.3'-± 
9.25 0.020 9.35 0.68 

10.37 0.025 9.6 1.05 
9.85 1. 75 

Reg~essian order - If. 

52 



Table 12 

Experimental Data Obtained Fram Peak X For Dycl □nine 

In Water-. 

Net Absorbance Log [A-J I [HAJ 

oH Peak X gji Peak X 

2.59 0.00565 6.75 -2.116 
2.61 0.00560 7.0 -1.63 
3.911 0.00535 7.25 -1.13 
l.f.92 0.00'-±15 7.5 -0.76 
5.52 0.0021.fO 7.75 -0.53 
6.00 0.00750 8.0 -0.28 
6.77 0.00915 8.25 -0.05 
8.21.f 0.018 8.5 0 .17 
8.31 0.019 8.75 0.118 
8.52 0.036 9.0 0.79 
8.60 0.0116 9.25 1.32 
8.75 0.056 
9.76 0.058 

Regression order~ S. 
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Table 13 

Experimental Data Obtained Fram Peak X Far Dyclanine 
In 25% Acetanitrile. 

Net Absorb a nee Lag [A-J I [HAJ 

g!i Peak X mi Peak X 

3.56 0.00175 7.0 -1.86 
5.78 0.010 7.25 -1.32 
6.37 0.013 7.5 -0.96 
7.32 0.020 7.75 -0.71 
7. 52 0.02'-i 8.0 -0.'-!7 
7.90 0.035 8.25 -0.26 
8.28 0.055 8.5 -0.035 
8.61 0.085 8.75 0 .18 
8.81 0.12'-i 9.0 0 .'-iO 
8.96 O.lSY: 9.25 0 . 6'-i 
9 .17 0 .181 9.5 0.73 

10.0 0 .198 9.75 1.20 
10.0 1. 61.f 

Regression order - '-i. 



Table llf 

Experimental Data Obtained From Peak X For Oyclanine 
In 50% Acetonitrile. 

Net Absorbance Log CA-J I 
I CHAJ 

oH Peak X gji Peak X 

lf . LfO 0.00200 7.0 2.32 
6.08 0.00595 7.25 1.52 
6.78 0.00960 7.5 0.97 
7 .12 0.01'-± 7.75 0.66 
7.37 0.018 8.0 O.LfO 
7.65 0.026 8.25 0 .15 
7.85 0.039 8.5 -0 .12 
8.09 0.066 8.75 -0.36 
8.20 0.083 9.0 -0.67 
8.Lf2 0. 19'-± 9.25 -0.86 
8.85 0.278 9.5 -1.72 
9.00 0.300 
9.50 0.320 
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Table 15 

Experimental Data Obtained From Peak X Far D~clanine 
In 75~ Acetanitrile. 

Net Absarbance Laa [A-J I CHAJ 

Q!i Peak X gji Peak X 

Lf.39 0.00110 7.0 -2.39 
6 .10 0.00130 7.25 -l .Lf3 
6.80 0.001'-±0 7.5 -0.9Lf 
7 .10 0.00300 7.75 -0.60 
7.1.fO 0.00560 8 . 0 -0.36 
7.60 0.00910 8.25 -0.09 
7 .85 0.015 8 . 5 0.20 
8.10 0 . 027 8.75 0. Lflf 
8 .19 0.035 9.0 0.76 
8.1.fO 0.068 9.25 1.27 
8.70 0.090 9.5 2.03 
9.00 0.099 
9.90 0 .105 

Regression order - '-±. 

56 
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CHAPTER VI 

CONCLUSION 

The pKa values of procaine, dibucaine, and dyclonine 

in aqueous solutions were determined e xperimentally using 

Fourier Transform Infrared Spectrometry. This method proved 

reliable for obtaining reproducible dissociation constants. 

The literature values f□r the pKa of procaine and dibucaine 

in water are 9.1 and 8.3 respecti vely.~7 ,~8 A literature 

value for the pKa of dyclonine could not be found. 

Experimental pKa values as determined using FTIR are 9.1, 

8.~, and 8.5 for procaine, dibucaine, and dyclonine 

respecti vely. These values are in good agreement suggesting 

FTIR spectrometry is a reliable method for determining the 

pK8 of these local anesthetic agents. Knowing this fact, 

solutions containing increasing concentrations of the sol vent 

acetonitrile were measured to observe changes, if any, in 

their respecti ve pKa values. As increasing concentrations of 

acetonitrile are used , the hydrophobicity of the sol vent 

anv1~~nment increases. This rise in hydrophobicity has been 

known t a affect the pKa of many compounds including amino 

Cids and anti-v iral agents. 32 , ~5 Due to this prior work, it 

Felt that this pKa study of mi xed sol vent solutions of 

hydrophobicity could be used to observe potent!al 

Qes in P_t'a up-on membran~ f · ~ - = interaction o procaine, 
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dibucaine, and d~clonine , all local anesthetics. 

Referring to Table 3, it can be shown that increases 

in acetonitrile caused the pKa values to fluctuate, neither 

steadil~ increasing or stead ily decreasing from the pKa value 

in water. Initially, procaine and dibucaine both followed 

the same pattern. In 25% acetonitr il e, the ad justed pKa 

values were determined to be 8.3 and 7.9 for procaine and 

dibuca ine respecti vely. On the other hand, the ad justed pK
8 

value of dyclonine increased slightly to 8.8 with an increase 

in acetonitrile to 25% of its total volume. In SO~ 

acetonitrile the adjusted pKa values of procaine decreased to 

a value of 8.1. Similarl~, the pKa of d~clon ine dropped to 

8.5. Dibucaine showed a slight increase in pKa to 8.4. 

Finall~, the addition of 75~ acetonitrile caused an increase 

in pK 8 for all three anesthetics to 9.7, 9 .1, and 8. 7 for 

procaine, dibucaine, and dyclonine respecti vely. One could 

conclude that at this concentration of acetonitrile, namely 

75%, the pKa will increase or become greater. However, 

solutions which were less hydrophobic gave vary ing pK
8 

\ alues, showing no particular pattern for all three drugs. 

the PKa val ues did remain in the range of 8 to 9 under 

increasing hydro phobic conditions. The pKa of ary typical 

oca1 anesthetic in use lies between 8.0 and 9.o. 21 

As was mentioned previously, a local anesthetic whose 

too high has ver~ few molecul es a vailable in the free 

at a normal tissue pH of 7.4. Anesthetic action 
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would be poor because too few molecules would diffuse through 

the nerve membrane. On the other hand, a local anesthet·c 

whose pKa is quite low has a very large number of base 

molecules which are able to diffuse through the ner ve sheath. 

Ho wever, anesthetic action of this agent would prove 

inadequate because only a very small number of base molecules 

would associate back to the cationic form necessary for 

binding to the receptor site. Procaine, dibucaine, and 

dyclonine i~ aqueous solution have pKa values that are in the 

favorable range for local anesthetics, namely 8 to 9. 

environment becomes more hydrophobic , which was shown 

As the 

experimentally by adding acetonitrile, the pKa values of 

procaine, dibucaine, and dyclonine fluctuated slightly but 

not enough to greatly affect the performance of these 

anesthetics on the nerve membrane. 

The development of a cylindrical internal reflection 

cell allowed us to measure the absorbance of aqueous 

solutions using Fourier Transform Infrared Spectrometry. 

However, it did have its disadvantages. As mentioned before, 

the circle cell has a low light throughput. In other words , 

Only 10 to 20 percent of the beam passes through the cell 

Wi th0ut a sample present. 

me experimental error. 

This disadvantage may hav e caused 

Another source of error was the low 

anesthetics used in aqueous solutions. The 

tcn·t • 1 rile helped to dissolve the anesthetics, but the 

Uticns were easily saturated. Only small mo l ar 
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concentrations could be made, thus, limiting the detection of 

these drugs using FTIR spectrometry. 

In order to better understand the effects of varying 

pH and solvent hydrophobicity on local anesthetic agents, 

further studies should be done and further e xperimentation 

should be performed using FTIR spectrometry. This analytical 

method has been used to study polymers deposited directly 

upon the internal surface of the reflectance apparatus. 29 

This same procedure could be repeated but instead of polymers 

a synthetic membrane could be coated onto the inner surface 

of the circle cell. In the case of local anesthetics, this 

membrane would seem to be a more favorable match to that of 

the actual nerve membrane and, in turn, should gi ve a more 

accurate determination of the pKa of these agents upon 

membrane interaction. 
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