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CHAPTER I 

INTRODUCTION 

A ur•inary calculus is an abnormal concred.on of the 

Ul'inai'Y tract usually composed of mineral salts. If it is 

found in the bladder it is referred to as a vesicle calculus, 

and if it is found in the pelvis of the kidney or ureter it 

is referred to as a renal calculus. 

The problem of urinary lithiasis Pemains unsolved 
despite a vast amount of clinica2. obsex•vation and experi­
mental research. The factors of causation can only be 
stated in terms of broad and indefinite generalization 
and are believ•3d to be linked with nutr·ition, Numerous 
specific exceptions to such factors are known to exist. 
Among a people with a notably high standard of nutrition, 
such as we have here in North Amel'ica, the PI'cposi ti.on 
becomes increasingly difficult. Prevention of calculus 
in the population at large may be dismissed without 
consideration in the light of ourpresent knowledge. 
Pr•evention or recurrence in the susceptible individual, 
on the other hand, demands our best efforts--and we have 
not been too successful. (l) 

Clinicians are becoming more and more concerned about 

the sharp increase of urinary calculi especially among the 

middle age group. They feel that there is a lack of the 

basic knowledge of the exact composition and the causes of 

urinary calculi. This is. mainly due. to the inadequate 

methods of analysis. Reliable analytical information is 

fundamental for a study of the etiology of their formation, 

and is essential for preventing their reoccurrence. 

The purposes of this research are (1) to bridge this 

gap of deficiency by developing a simple, precise and reprO-' 

1 
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duoible routine-analytical 'technic by using attenuated 

total re1£1-cctanco, and ( 2) to serve as an atlas 1'or 

identification of renal calculi. 
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CHAPTER II 

THE FORMATION OF URINARY CALCULI 

Knowing the formation and composition of the urinary 

calculus will help the clinician to determine its cause, 

and to prevent its reoccurrence. 

Most urinary calculi start out with some kinds of 

lesion in the submucosa of the urinary tract, This could be 

caused by infection. Almost all urinary calculus patients 

have proteus, staphylococcus, stx'eptococcus • or other 

bacterial infection, The calculi could be formed by (1) 

concretion and (2) sedimentation. 

FORMATION BY CONCRETION 

The lesion acts as a nucleus. When there is more 

irritation, the lesion could enlarge, and collect dead 

epithelial cells and other foreign bodies. If there is 

bleeding blood cells would deposit on the lesion. Thus the 

nucleus grows. ~llien it is exposed to concentrated urine, 

urinary salts deposit on it. The deposition erodes away 

the submucosa, and after it has become a free calculus it 

can grow by having more urinary salt deposited on it. 

Occasionally it could be passed out with the urine. When 

the calculus has grown from the papilla of the submucos.a 

there is an indentation. When the calculus is formed by 

concretion different layers from the center could be seen.(2) 

3 
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In a lesion there may be large deposit of foreign 

material. This results in different nuclei for the deposi­

tion of urinary salts. Vlhen this occurs the calculi have no 

fixed nucleus centei'• and there is no uniform layer deposited 
~ j on it. When the overlying epithelium is worn out, the lesion 

~ __ ~:i,ll be exposed to the urine with heavily saturated salts 
~-

i, which deposit upon it. As it grows the calculus tears itself 

~ 
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a.way fr•om the surface and becomes a free stone. 

Keratinization due to deficiency of Vitamin A o:r. 

small blood clot could form a nucleus upon which urinary 

salts could deposit. The dead epithelial cells could 

i'apidly be calcified. Faulty calcium metabolism could cause 

stone formation.(3) 

.In calculus of pure triple phosphate the distinct 

nucleus cannot be identified, It forms a loose network of 

columns or pillars radiating from the center of the calculus. 

The uric acid calculus commonlyhas a nucleus composed of 

oriented uric acid .crystals. The cystine calculus has the 

nucleus of oriented cystine crystals. 

Ha~~arsten (4) has shown that in rats with high urinary 

calcium excretion and urinary low pH calcium oxalate calculi 

ar·e formed readily. With an increase in pH calcium phosphate 

calculi are formed, 

1--------------
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Table I 

T~pes of Calculi formed and the pH of urine 

pH 

5 

6 

7 

uric acid 

uric acid, calcium oxalate, calcium 
phosphate 

Only calcium phosphate 

·calcium carbonate 
8 Calcium phosphate, magnesium ammonium 

phosphate 

5 

(5) 

The method to prevent calculus formation by a person 

with tendency to form uric calculi is to alkalinize the 

urine, and to acidify the urine of the patient with tendency 

to form phosphate calculi,(6) 
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CHAPTER III 

THE C011PONEN'l'S OF URINARY CALCULI 

Prien, and Frondel (7) analyzed 1000 urinary calculi 

by mineralogic methods, and x-ray diffraction, and found the 

following to be the most common components. Their study 

is the most thor•ough single study of urinary calculi. 

The mineralogic name is Whewellite. It is usually 

ji found in acid a,nd sterile urine. Based on external appear-

ance Ord and Shattock described three types of calcium oxa-

late of the monohydrate and one type composed of dihydrate,(8) 

The color of calcium monohydrate CaC204.H20 is light 

to reddish or black brown. It is very hard, porous, smooth 

and has a lustrous surface. Physical properties: 

Hardness = 2-1/2 to 3. Specific gravity = 2.23. 

Optical properties:(9) 

X = 1,491 = b 

y = 1. 555 

z = 1.650 

Biaxial positive (+) 

2V = 84°, Dispersion r<v, weak. 

Extin?tion angle ZAc = 31° 

Calcium oxalate monohydrate is easily distinguished 

optically from calcium oxalate dihydrate, CaC201p 2H20, by 

its high birefringence and high Z index of refraction, 

The first type of the calcium oxalate monohydrate is 

the "hempseed" stone. It is smooth, oval in shape, and has 

6 
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concentric laminations. The second type is the "mulberl"Y" 

stone which is shaped with irregular rounded mammillm•y 

processes, and has variable size~ On cross section these 

rounded protuberances a.re seen to be composed of r.adially 

striated aggregates, The third type is the ''j ~ck stone" 

~1hic.h. has a centPal mass with radiating blunt spinous 

processes. It is rather uncommon, and is usually found 

CALCIUM OXALATE DIHYDRATE, Cac2o4 .2H20 

Calcium Oxalate dihydr•ate calculus is composed of 

either loose or compact interlocking aggr•egates of 1o1ell 

formed octahedral crystals. Usually no nucleus is found 

in it. The color ranges from pale yello•Tish white to light 

honey brown. Pure calcium oxalate dihydrate is very rare. 

It is usually associated with calcium oxalate monohydrate, 

calcium hydrogen phosphate, cystine and uric acid, Physical 

properties: 

Hardness = 4. Specific gravity = 1.99 

Optical properties:(ll) 

0 = 1.523 

E = 1.41+4 

APATITE 

CARBONATE-APATITE 
HYDROXYL-APATITE 

Uniaxial positive (+) 

Ca10 (POq,C0 30H) 6 (0H)z 
Calo(P04)s(OH)2 

The term "apatite" refers to group of compounds 

which have an analogous chemical composition and identical 

~: ______ -
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crystal structure, such as carbonate-apatite and hydroxyl-

t ·~ ape. J.ce. 

described as a complex carbonated calcium phosphate; 

hydroxyl-apatite, ca10 <Po 4) 6 (0H) 2 is similar but contains 

no carbonate, Carbon-dioxide gas could be released from 

carbonate-apatite but not hydroxyl-apatite. 

To test for C02 add a drop of dilute HCl to a few 

course grains of apatite on a glass slide under a cover 

glass. If co2 is present a brisk effervescence ensues which 

may be ~latched through low magnification. To be sure that 

the bubbles consist of C02 rather than displaced air, add 

a drop of 10% barium hydroxide solution. If C02 is present 

a white cloudof barium carbonate will form about the stone. 

They could be differentiated by x-ray methods. 

Calculus composed of apatite is usually found in 

infected urine. Its color ranges from light yellow to 

light reddish brown, Occasionally it is colorless, It 

is hexagonal in crystallization. Physical properties: 

Hardness = 5, Specific gravity = 2.95 to 3,10 

Optical properties:(l2) 

0 Indices = 1.61 to 1.64 

E Indices = 1~61 to 1.64 

Index of refraction= 1.55 to 1.59 

. MAGNESIUt1 AMMONIUM PHOSPHATE HEXAHYDRATE, MgNH4P04, 6H2 0 

Its mineral name is sti'uvite. It is found in 

8 
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alkaline infected urine. Its color ranges from creamy white 

to light grey and is very often associated with apatite in 

calculi. Crystals of magnesium ammonium phosphate hexa­

hydrate may be observed in open CJ':'acks in banded or laminated 

calculi of apatite and also projecting into cavities in 

porous stones, or some central portion of some apatite. It 

is orthorhombic-hemimorphic in crystallization. Physical 

proper-ties;-

Optical 

Hardness ::: 2. 

pr•operties: ( 13) 

X = l.lf95 

y = 1.496 

z = 1. 504 

Specific gravity = 1.71 

Biaxial positive (+) 

2 V = 37°. Dispersion r<v 1 
strong._ 

Uric acid calculi are reddish brown in color and have 

smooth pebble-like surface. The cross section usually shows 

a concentric lamination of variable coar•seness with radical 

striation, and with alternating light and dark laminations. 

Uric acid occurs most often in the pure state but- some-times- -­

J~t occurs with calcium oxalate monohydrate to form calculi 

or mixed composition. In crystallization uric acid is 

orthorhombic and has a good cleavage. Physical properties: 

Hardness = 2-1/2. Specific gravity = 1.89 

Optical properties:(l4) 

The optical plane is parallel to (001), with X= 1.573 

z = 1.830 

,--



Cystine occurs in the pure state but could be found 

with calcium oxalate monohydrate or apatite. It is usually 

yellowish ·'iJhi te or pearly white in color. It usually con-

sists of porous aggregates of short hexagonal prisms with 

a compact gr·anular center. Internal gro•uth bands parallel 

to the external hexagonal crystal faces are usually found 

in the fragments of cystine calculus. Physical properties: 

Hardness = 2. Specific gravity = 2.06 

Optical properties: (15) 

0 l. 700 

E :: 1. 61~_0 

Uniaxial negative (-) 

TRICALCIUH PHOSPHATE, Ca3(P04)2 

·The mineral name is whitlockite. It is greyish 

white in color and usually contained a small amount of C02. 

It is rhombohedral in crystallization, and has no cleavage. 

Physical properties: 

Hardness = 5, Specifjc gravity - 3.12 

Optical propertiesl(l6) 

0 = 1.629 

E ;:: 1.626 

Uniaxial negative~ 

No sharp line could be drawn easily between "pure", 

10 

and "mixed" calculi. In the phosphatic calculi, the magnesium 
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ammon:i.um phosphate content varies over the whole rangefrom 

nearly 0 to 90%, Trace amounts Pb, Fe, Zn, Co, citrate, 

amino a.cids, and cholester•ol could be incorporated in the 

calculi from the Ul"ine, { 17) 

11 



CHAPTER IV 

THE PRESENT ANALYTICAL APPROACHES AND THEIR INADEQUACIES --·- ----· ___ . .,,, _ _....,__,"'--·-· -- -- --- -·~-------

The present approa~ches for the analysis of urinary 

·calculi are (1) by thin section technic, (2) by x-ray 

____ di~ffraction_ •. (a) by optical methods, (I+) by chemical methods 

and (5) by transmission infrared speotra. 

THE THIN SECTION TECHNIC 

The calculus is sectioned so that the nucleus and 

laminations c()uld be examined. If the section is thin 

enough to transmit light it could be studied with polarized 

light,(l8) 

This technic is very tedious and requires great skill 

in sectioning the calculus, Very often the small size of 

the calculus makes sectioning impossible, The actual identi-

fication of the components is difficult. Thus, this method 

is chiefly used for photographic reproduction, and has not 

been used as a routine laboratory method. 

X-RAY DIFFRACTION 

A very small sample is ground to very fine poVTder, 

and irradiated with a beam of monochromatic x-rays. The 

diffracted rays are photographed.(l9) There is no doubt about 

the specificity, and accuracy of this method. But the equip-

12 
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ment is expensive and the interpretation requires extensive 

theoretical knowledge, Thus ·this method is mainly used for 

reseai'ch to dP.termine the exact structure of the crystals. 

OPTICAL METHOD 

13 

The calculus is fractured and dissected and individ-

ual ct•ystals identified by their refractive index. Under a 

chemical microscope and by immersion of the crystals in a 

series of fluids of known refractive index the optical sign, 

axial -angle, dispersion, extinction angle, .and &ign of elonga­

tion of the crystals could be measured. This is based on the 

principle that chemical compounds would form crystals when they 

pass from the liquid or gaseous state to the solid state, 

They exhibit characteristic constants and characteristic 

geometric forms,(20) This method is highly specific and 

accurate. But it requires a petrographic microscope, and 

it is hard to master the skill to identify the crystals, 

This method is used successfully for research, and is not 

practical for routine laboratory use. 

CHEMICAL METHODS 

The calculus is ground to fine powder, and analyzed 

by the following methods: 

1-
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CHE1TICAL l:!ETHODS 

Table II 

Q;uali tative Tes.t Used for Analysis of. Calculi · 

Substance 

Carbonate 

----------
Method 

1 Add HCl....., effervescence 
of CO 2 

Calc-i-llin -oxalate 1 Resorcinol+ H?S0.!1 ~blue 

Calcium 

Magnesium 

.Ammonium 

2 
3 

4 

5 

green ~ ~ 

HCl + Mno2 ...;. gas bubbles 
Make HCl solution of stone 

alkaline with lTH~_OH, add 
acetic acid, exruli.ine cry­
stals; to COi1firm, add 
H2so4 , heat, acld I<J.ifn04 

Diphenylamine -1· H3P04+ heat+ 
a.lcohol ~blue . 

HCl solution+ saturated 
sodium acetate to pH --7-
white }Jpt. 

6 Convert to Ce.C03 by heat, 
add HCl -9C02 

1 

2 

1 

2 

3 

4 

1 
2 

Add oxalic acid after 
removing calcium oxalate_,. 
white ppt. 

Picrolinate 

HCl extract + alkali + 
p-nitrobenzene­
azoresorcinol ~blue color 

Remove calcium oxalate and 
other Ca, add E:HaOH to 
pH 8, add Na2HP04 ~ 
MgNH4Po4 ppt. 

Acid extract + q_uinalizarin + 
w 3 --7' b 1 ue 

Titan yellow 

Nessler's reaction 
Add NaOH_,.. odor of NI'f:3 

14 
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Table II ( continued 

Qualitative Test Used for Analysis of Calculi 

Substance 
_-:...__ __ 
Phosphate 

Uric acid 

Cystine 

Xanthine 

----·-·----'---
1 ID'l"o3 extract+ arrlllonimn 

molybdate+ heat-? 
yellow ppt. 

2 Acid molybdate+ snc12 ~ 
blue 

3 Acj.d extract+ molybdate+ 
::nnino:naphtholsu.lfonic 
acid_., blue 

1 Alkaline extract+ -ohos­
photungstate~blue 

2 Alkaline extract-t arseno­
phosphotungstate ~blue 

3 Murexide reaction:add NH03 
evaporate to dryness, 
add NE.110H -7"brilliant 
purple· 

1 . Add llli40I-I+ NaCN+ sodimn 
nitroprusside """:7'red 

2 Evaporate NH.110H extract on 
micro slide -?>hexagonal 
plates 

3 Add ECl + NaClJ + 1, 2-naphtho­
quinone 4-sulfonate ;­
Na2S03 + HaOH ~red bro-vm, 
turning deep red on adding 
Na2s2o4 in HaOH 

4 Add NaOH, heat, lead acetate, 
heat-JP'PbS ppt. (black) 

1 Murexide reaction:add llH03 evaporate, ad.d NaOE ~ 
orange, turning red with heat 

2 Ehrlich's diazo reaction 
3 Add NaOH to residue from 

murexide test .....j-red; add 
H20.....,;>yellow, which when 
evaporated -T'red-violet 

15 
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Table II (continued) 

Qualitative Test Used for Analysis of Calculi_ 

-----------------------------------
Substance Method 

----------~---------------
Indigo 

Urostealith 

1 

2 

1 

Reduce to leuco form, 
reoxidize to indigo 

CHCl3 extract is blue 

Evaporate e·ther or CHCl3 
extract, stain with 
Sudan III 

16 

Sulfonamides 1 Add HCl + NaN02+ N-(l.,naphthyl)­
ethylenediamine .2HCl ..,. pink 
or magenta 

Cholester.ol 

Fibrin 

1 

1 

Liebermann-Burchard color 
reaction 

Millon's reagent + heat + 
red ppt. 

'£hese qualitative chemical analysis methods are 

widely used because of their simplicity. They are not 

(21) 

ver•y accurate. Often constituents of urinary calculi 

identified by these chemical methods are found to be non-

existent when done by physical methods. On the other hand 

many constituents are identifiable by physical methods but 

not by the chemical methods• 

The following reasons may be adduced in explanation 
of this situation: (1) Confusion exists as to the exact 
nature of the reactions which take place in the pro­
cedures used in ~ualitative chemical tests. (2) Inter­
fering or•ganic substances of unknown composition may 
invalidate these reactions. (3) The complex and 
commonly admixed nat:nre of the substances occuring 
in calculi is not amenable to resolution by chemical 
methods alone.· (4) The small size of many calculi 
makes complete chemical examination impossible.(22) 

,_._ 
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INFRARED ABSORPTION 

Infrared s-pectra originate in the transitions between 

t.wo vibr,~:tional levels of the molecules in the electronic 

ground st:ate and .. ai'e usually observed as absorption spectra. 

in the infrared reg:i.on 0 which extends from 12,500 to 

50 cm-1, The ordirmry infrared region extends from 4000 

to 667 cm-1, 

Since energy is quantized, energy levels can be 

indicated by integral values o~ a quantum number v. There­

fore if the lowest level is assigned a value of v = 0, the 

next higher level is v = l. The fundamental vibrational 

ener'gy change could be a jump from v = 0 to v = l. The 

fundamental vibt'ational absorption band is the result of the 

simultaneous changes in the rotational and vibrational energy 

of the molecule, In the following figure the quantized 

rotational energy level is designated as J, 

J' 
-~--s 

---4 -· 
---3 
---2 --===.:--_-_,_1 _ v '= 1 J'=O 

J" 
---5 

----4 
---3 

_ _::::::==.12--v"=O J"=O 

_. Figure 1. A vibrational-rotational energy 
level diagram, 

(23) 
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vlhen an energy transition occurs the change in quantum 

number can be 1~ri tten as 

hv ~ v'- V1 ' ~ 1 ~ 0- + 1 

hv = + l 

v 1 represents a higher energy state than v''• The changes 

in rota.tional quantum number associated with these vibrational 

energy changes in vibrational-rotational infrared bands are 

-J' ~- J.. = t_, J = 0' + 1. 

Then the vibrational quantum number change is 

AV = + 2 

and the rotational quantum number changes aJ~e again 

bJ = O, + l 

By Hooke 1 s la~1 the vibrational frequency v (cm-1 ) of 

the simple diatomic molecule A··-B is 

v = _l_ /_uf) l/2 
2'lfC \ 

where c is the velocity of light, f is the force constant of 

the l:)ond and u is the reduced mass of the system, as defined 

by 

u = rnA mB 

where rnA and mB are the individual masses of A and B.(24) 

In order for a vibrational mode to appear in the 

infral'ed spectrum, that is to be "infrared active" and to 

result in absorption of the energy from incident radiation, 

it. is essential that there be a change in the dipole moment 

of the molecule during the vibration. The two fundamental 

vibrations for the molecules are (1) stretching, where the 

atoms stay inthe same bond axis, but there is an increase 



or decrease in the distance bet•1een the two atoms, (2) 

bending, where the atom changes position in relation to 

the original bond axis, 

Symmet r1c /l.syro.~retric 

y Q~r"n. 
Scissorir,g Rocking Wagging 

Figure 2, Vibrations of a group of atoms (+ and -
signify vibrations perpendicula.r to the 
plane of the paper),(25) 

The number of normal modes of vibration of a 

nonlinear molecule with more than four atoms is equal to 

3n - 6 where n is the number of atoms in the molecule. 

The sample is prepared by intimately mixing 1 mg 

of finely ground compound to be tested with.250 mg. of dry 

potassium bromide and compressing into a disk under vacuum 

for 2 to 3 minutes at 20,000 to 22,000 p.s.i, 

19 

This technic is very specific and reproducible. But 

in subjecting the sample to a pressure of 20,000 to 22,000 

p.s.i. there is a possibility of altering the crystal 

structure, and isomerization or polymerization could occur. 

This results in a distorted spectrum. 

,--
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Running the spectrum by attenuated internal 

reflection·. has the advantage that making the KBr disk is 

not required, Buying the press, and the oven for keeping 

the KBr dry are eliminated, The preparation of the sample 

is very much easier. Comparison of the spectra r•un by the 

two technics shows that those spectra done by at·tenuated 

internal reflection have a complete absence of inteJ~ference 

total reflection method is more practical to be used 

routinely. 
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CHAPT'ER V 

ATTENUATED TOTAL I<EFLEC'l'ION· ATR 
~ ... ------..... _.. .. _,.....,. ____ , ---

Whem a sample which selectively absor>bs radiation 

is placed in contact with the. reflecting surface of a KRS-5 

crystal the beam will lose energy at those wavelengths where 
- . 

the material absorbs owing to an interaction with the 

penetrating beam. This attenuated radiation could give 

rise to an absorption spectrum plotted a.s a function of 

wavelength which is characteristic of the sample. 

Figure 3, Attenuated Total Reflection 

Figure 3 shows two rays in the KRS-.. -.-5 of index n striking 

the surface of the sample of index n', where n> n'. From 

Snell's J.aw, 

sin 0 1 = n sin 0 
n' 

Since n/n' is grea tel' than unity, sin 0' is larger than sin 0 

and evidently equals unity (ie, 0' = 90°). The critical 

angle, 0c is the angle of incidence for 

ray emerges tangent to the surface.(26) 

which the refracted 
I 
i 

Since the angle of 

incidence is greater than the critical angle, the sine of 
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the angle of refraction, as computed by Snell's lav1, is 

grGater than unity, and each ray will not enter the sample, 

but is totally :Lnternal.ly reflected at the boundary surface. 

Likow:Lse, . when the ray reaches the opposite boundary of the 

ERS-5 and the se.mple it is reflected back again. The Y.R&-5 

crystal used .is roughly 50 x 20 x 2 nllll, with the 45° angle 

oi' incidence giving a.pproximately 25 reflections. By means 

------of-this teclmic many bands of weak intensity could be picked· 

up. The reflectance spectra show strong resemblance to the 

transmission spectra. This principle could apply to any 

spectral region, but it is most useful in the :Lnfrared 

where thin layers of sample are often req_ui.red. 

The depth of penetration which ranges from a fraction 

.of a wavelength up. to several wavelengths is a function of 

(1) the wavelength of light, (2) the refractive index of 

both the reflector and sample, and (3) the angle of incident 

radiation. Figure 4 shows that the penetration increase 

most rapidly when the angle of incidence at the interface 

between the sample and prism is very near the critical angle. 

When the angle of incidence is greater than the critical 

angle nearly all the energ~' goes into the sample. 
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Figure 4. Depth of Penetration vs Angle of 
Incidence. 

Reflectance spectroscopy as an analytical tool has 

been used for films, paper, paint, fibers, fabrics, foams, 

minerals, glass and inorganics in general. 
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CHAPTER VI 

INSTRUMENTATION 

The instl'uments used were the Wilks Scientific 

Corporation Model 12 Double Beam Attachment and the Perkin-

Elmer Spectrophotometer 337, 

Being a double beam spectrophotometer it has t1~o 

equivalent beams taken from the source. By means of a 

rotating mirror, and a light intel'r•upter lvhich is a half 

of a complete cir'cular mirror, each beam traverses the 

monochromator detector system on alternating cycles. In 

the optical null method, a signal results when the two beams 

are unbalanced. The amplifier is tuned to chop frequency of 

the light beam. Signals activates a servo mechanism which 

moves an optical wedge or shutter comb that is mounted in 

the path of the reference beam, and so reducing its energy 

until both beams are again balanced, The optical attenuator 

is linked mechanically to the recorder pen which is moved 

across the chart paper as the equilibrium position is sought. 

The tracing of the pen in the recorder is the relative 

transmittance of the sample.(27) 
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Figure 5. Optical system of double-beam 
infrared spectrophotometer.(28) 

The Wilks Scientific Corporation !1odel 12 Double 

Beam Attachment designed for double-beam spectrometers is 

placed into the cell compa.r·tment of the Perkin-Elmer 

Spectrophotome-i~er 3 3 7. This Model consists of a dual 

optical system,· and each unit ·track could be mounted and 

adjustable to fit the different beam separation of the. 

Perkin-Elmer Spectrophotometer, Light from the radiation 

source is reflected from mirror M1 to mi.rror M2 and then to 

the entrance face of the KRS--5 crystal. Emergent light 

from the exit face of the crystal is re-imaged on the 

entr•ance part of the spectrophotometer by mirrors, M3 , and 

Mq.(29) 
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Figure 6. Working Diagram of Model 12 Wilks 
Scientific Corporation Double Beam 
Attachment(30) 

Thallous-bromide-iodide, KRS---5 is chosen to be 

used as the-crystal because it shows the most all-round 

usefulness in internal reflect'ion spectroscopy. It is 

tough enough to stand pressure, and is able to resist the 

effects of cleaning solvents as cold water. Its reflective 

index is high enough to produce good spectra. It could be 

scratched easily and should be handled with care. 
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CHAPTER VII 

EXPERIMENTAL AND DISCUSSION 
----~-- --

The experimental work consists of (1) the development 

of a technic, ( 2) running spectra of kn01vn compounds both by 

transmission IR and_ATR, and (3) applying the developed 

technic to analyze a urinary calculus, 

The known compounds to be run are in the form of 

either crystal or powder, They can be applied directly on 

both sides of the KRS--5 crystal. The difficulty of this 

technic is getting even thickness. The easiest technic is 

to spread the sample evenly on the sticky side of the scotch 

tape which is cut to fit the size of the KRS--5 crystal. 

Then apply the side of the scotch tape 1-1here the sample is 

on both sides of the crystal. 

It is important that there is a good contact between 

the sample and the crystal. Uneven thickness will give poor 

contact which will result in the loss of absorption. 

'I'he most common components of urinary calculi are 

uric acid C5H4N403, Calcium Oxalate Monohydrate Cac 2o4 .H 2o, 

Tricalcium Phosphate Ca3 (POq) 2, Magnesium Phosphate MgHPOtp 

Calcium Hydrogen Phosphate CaHPOq, Indigo C16H1oNz02, and 

cystine SCH2CH(NHz)-COOH. ATR and transmission IR spectra 

of these compounds are made individually first, and then the 

spectra of different combinations of them are made, 
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'rhe urinary calculus i.s about 0.5 by 0.4 by 0.6 em. 

The Sllrface is smooth and flattsrJed_ pabblelike. It is dark 

brown in color. Being relatively soft it oould easily b.e 

crushed, In cross section the nucleus col.J.ld be seen with 

lamina.t.ions around j_t. This calculus is grouml to fine 

powo.er by which transmission IR anrl ATH spectra are run. 

'I'he spectra of the transmission IR and ATR of the 

urinary calculus match consistently with those of 50~b uric 

acid and 505; tricalcium phosphate. See Figure 7 and 8. 
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f II -~ · 0~~/---N/=0 
Ca:3(P04)2 

Tricalcium Phosphate 

1-\ 

Uric Acid 

'I'ABLE III 

Absorption of functional groups of uric acid 

and tricalcium phosphate 

Absorntl.Q.g 

3500--3000 strong 

1680 strong 

1120--1020 strong 

990 moderate 

Functional Group 

-NH- amine of uric acid. 

-C=O- Carbonyl group of 
uric acid. 

Po~- Phosphate of tricalciura 
phosphate 

P03~ Phosphate of tricalcium 
4 phosphate 
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phosphate, Ca3 (Po4 ) 2 (red) and a urinary ca~culus (blue) 

by transrlission I.R. 
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The absorption bands of -che finger-print region are char-

acteristics of uric acid and tricalcium phosphate. 

Chemical tests shoH that uric acid, calcium, and 

phosphate are. present in the· calculus. 

Having good infrared absorptivity urinary calculi 

give rise to distinct characteristic bands. When they are 

ground to fine powder getting good contact behwen the 

pressure onto the plate. If there is not sufficient 

difference between the indices of the plate and the sample, 

a "distorted'' curve will result. This distorted band will 

show a sharp break or soinetimes an upward inflection at its 

short tvavelength and while the long wavelength side will 

be broadened especially at the top of the band, This 

distorted band could be corrected by using a higher index 

material such as germanium in place of KRS-5, or using a 

greater angle of incidence. 

ATR is a fairly reliable semi-quantitative technic 

33 
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since the depth of penetration by the·IR beam into the sample 

is uniform. The biggest problem is getting reproducible 

contact between the sample and the crystal. As it is 

impossible to make KBr disks of the same thickness trans-

mission IR cannot be used for quantitative analysis.(31) 

One great advantage of ATR over the chemical methods 

is that very small quantity of sample is required. Most 

urinary calculi are too small to run chemical tests on, 



Beca1wo of compet5.t;ion and the high cost of labor 

Jnedic8.l laboratorles are lool::Lng :for f.asiier o.nd Ies·s 

expensive met;hods for running tests. ~'he ATR technic 

eliminc:ttes the cost of :rea2:ents, and 1t is much less time 

c:onsuming. 

i 
I 
I 
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CHAPTE.R VII I 

CONCLUSION 

In this research a new technic for the analysis of 

urinary calculi is developed, In the appendix are the ATR 

spectra of the possible components of urinary calculi to 

sel'Ve as an atlas. The transmission IR spectra are for 

comparison, 

ATR differs from infrared transmission spectrometry 

in that the infrared beam is reflected from the sample into 

the slit of the spectrophotometer instead of passing 

straight through the sample, 

It is a relatively new technic, and it is found to be 

a useful analytical tool for urinary calculi. As more 

research is done on it, it will be used to a greatel' extent 

in the future because of its advantages over other methods. 
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J~IST' o:B' SPECTRA BY TRiilTSMISSION I. R. 

NAJ..ms O:B' COMPOUND/COMPOUNDS 

Cystine, SCH2,CJ'I( N1I2} -COOH. • • 

Indigo, c1oH1oNz02 • • • • • • 

Calcium Hydrogen Phosphate, CaHP04 

• • • • 

• • 

• • • 

Magnesium 1\mnon:Lurn Phosphate Hexahydrate, 

I' • • • 

• • • 

Magnesium Phosphate, MgHP04. • • • .- . . . . 
• • • 

Calcium Oxalate I0:onohydrate, CaCz04.HzO. • • 

50% Calcium Oxalate Monohydrate, cac2o4 .:rr2o, and 

50% Magnesium Phosphate, MgHP04. , • • • • • • 

50% Magnesium Phosphate, MgHP04, and 50% Calcium 

Hydrogen Phosphate, CaHP04 • • • • • • • • •• 

50% Tricalcium Phosphate, Ca3(P04}2, and 50% 

MagnesL.un. Am.monium Phosphate, JI:IgNH4P04 • • • • 

50% Uric Acid, C!)R4N403, and 501; Magnesium 

Ammonium P1:.osphate, MgNH4P04 •••.•••••• 

50% Indigo, c1sn10N2o2 , and 505'~ Calcium Hydrogen 

Phosphate, CaHP04 • •• " •••••.••••• 

Phosphate, 1~IgHP04 • ••.••• ·• · •••• • • • 
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1 
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NAV::ES OF COI:iPOUND/COl:JIPOUNDS 

!1:1onoh;ydrate, Cac 204.H20. • • • • • • • • • • • 

50% Magnesium .Ammonium Phosphate, MgNl!4P04, and 

50% Calcium Hydrogen Phosphate, CaHP04 • • • • 

50% Magnesium Phosphate, MgilP04 •••••••• 

50% Magnesium Ammonium Phosphate, MgNfi4Po4 , and 

50% Calcium Oxalate Monohycl.rate, Cac 2o4 .H2o •• 

50% Tricalcium Phosphate, Ca3 (Po4 J2 , and 50% 

Calcium Hydrogen Phosphate, CaEP04 • • • • • • 

50% Tricaleium Phosphate, ca3 (P04 ) 2 , and 50% 

:Magnesium Phosphate, :MgHP04 • . • • • • • • • • 

50% Tricalcium Phosphate, Ca3 (Po4 ) 2 , and 50% 

- Calcilli'll Oxalate Monohydrate, CaC204.H20 •••• 

50% Uric Acid, C5H4N403, and 50% Calcium Hydrogen 

Phosphate, Ca.'FIP04 • ,. • • • • • • • • • • • 

50% Uric Acid, c 5H4N4o3 , and 50% Calcium Oxalate 

Monohydrate, CaC204.H20. • ••••••• • • • 

50% Magnesium Phosphate, MgHP04 , and 50% Uric 

Acid~ C5H4N403 . • • · • • • • • • • • • • • • 

50% Calcium Oxalate Monohydrate, Cac2o4 .H20, and 

50% Calcium Hydrogen Phosphate, Ca."'-J."P04 •• • • 

50% Uric Acicl., C5H4N403, 

Phosphate, Ca;3(P04)2 • 

and 50~& Tricalcium 

• • • • • • • • • • • • 

lj.Q 
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SPECTRUM NO. 
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HAJTI!:S OJ!' COl.!?OUND/COMl'OUNDS 

50% Uric Lcid, Cr:;H,1N403, and 50% Cystine, 

SCHzCH( NBd -COOH • • • . . ., . " . . • • 

. Cystine, SCIIzCH(blH2) -COOH, , , , • , , • , , , 

50~~ Cystine, SCHzCH(NH2) -COOH. • • , , • • • , 

50% Indigo, C16H1oN202, and 50% Cystine, 

50% Cystine, SCH2CH(NH2 )-COOH, and 50% Calcium 

Hycl:rogen Phosphate, CaiiP04 • • , • • • • 

50~~ Calcium O:x:aJa·t;e Monohydrate, CaCz04.HzO, and 

50% Cystine, SCE2CH(NH2 )-COOH. . . • • • • • • 

50% Magnesiura Phosphate, I1Jgh"'P04 , and 50% Cystine, 

50% Tricalcium Phosphate, ca3 (P04 )2, 25% Calcium 

Hydrogen Phosphate, Cah"'P04 , and 25% 1mgnesium 

Phosphate, NigHP04 • •••••• " • • • • • • • 

25% Tricalcivm Phosphate, ca3 {P04) 2 , 25% Calcimn 

Hydrogen Phosphate, CaHP04 , 25% Calcium Oxalate 

Monohydrate, Cac 2o4 .H2o, and 25% l1ffignesium 

Phosphate, MgHP04. . • • • • • • • • •••• • 

25% Tricalcium Phosphate, Ca3(P04)2, 25% Calcium 

Hydrogen Phosphate, CaHP04, 25% ]Jffignesi1Lm 

Ammoniu.tn Phosphate, MgN1I4P04, and 25% Calcium 

Oxalate Monohydrate, CaC204.H20 ••••• , •• 

4-1 

SFECTRlJ:M NO, 
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NAMES o:E' COMPOUND/COlv!POlJ.NDS SPEC '!'RUM NO. 

50% Calcium Hydrogen Phosphate,· CaHPo4 , 25% 

Tricalcium Phosphate, Ca3( P04.) 2 , and 25% 

Mag.nesium Ammonium Phosphate, ]1IgNH4Po4 • • •• 

.. 25% Tricalc:ium Phosphate, Ca3(P04) 2• 25% Calcium 

AmmoniumPhosphate, MgNH4P04, and 25% Magnesium 

Phosphate, MgHP04 • • • • • • • • ' • • ' •. • • 

50% Ma,.::snesium Ammonium Phosphate, MgNH4P04, 25% 

Tricalcium Phosphate, Ca3(P04) 2 , and 25% 

CalcjU!lJ. Oxalate Monohydrate, CaC 204,H20. • , • 

50% 'I'rieal.cium Phosphate, ca3 (P04 ) 2 , 25% Magnesium 

.AmmoniUJu Phosphate, Mg.,.\!li4P04, and 25% Magnesium 

Phosphate, 1AgHP04 • • • . • • • • • • • • • • • • 

25% Tricalc.lUlll Phosphate, Ca3(P04) 2• 25% Magnesium 

Ammoni= Phosphate, ~~4P04, 25% Calcium 

Oxa1a:te Monohydrate, Cac 2o4 .n2o, and. 25% 

Magnesium Phosphate, MgHP04. • • • • • • • • • 

50% Wagnesium Ammonium Phosphate, Mg1TH4Po4 , 25% 

Tricalcium Phosphate, Ca3(P04)2, and 25% 

Calcium Hydrogen Phosphate, CaHI>o4 •••••• 

50% Mag.'lesium Ammonium Phosphate, Mgiffi4Po4 , 25% 

Magne.siu.."ll Phosphate, MgHP04 , and 25% Tricalcium 

• • • • • • • • • 
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NBJ,lES O:B' COJviPOUND/COl';JPOUNDS SPEC'l'RUM NO. 

:,:;;;>% Calcium Oxalate .Monohydrate, cac2o4 .H2o, 

25% Calciu.'TI. Hy~roger1 Phosphate, CaHP04, 25% 

:Magnesium Arrunoniuni Phosphate, MgNR4Po4, and 

25% Magnesium Phosphate, Mglll"04 • • • . • • • • 

Jl'lagnesium Ammonium Phosphate, Iv1gNii4P04, and 

25% Calcium Oxalate Monohydrate, Cac2o4 .H2o •• 

50% Calcium Oxalate Monohydrate, cac2o4 .H2o, 25% 

CaJ.c:i.um Hydrogen Phosphate, CaHP04, and 25% 

• • 

25% Calcimn Oxala"ce Monohydrate, Cac2o4 .H2o, 25~b 

CalciuH Hydrogen Phosphate, CaHP04, 25% Tri­

calcirl1ll Phosphate, Ca3( P04) 2• and 25% MagnesitUll 

Phosphate, MgHP04. . . . . . . • • • • • • • • 

BQ% Calcium Oxalate Monohydrate, CaC204.H20, 25% 

Calcium Hydrogen Phosphate, CaHP04, and 25% 

:Magnesium Phosphate, MgHP04 • • • • •••• , • 

50% Calcium Hydrogen Phosphate, CaHP04, 25% 

1\mgnesiur.J. Phosphate, MgHP04 , and 257~ Magnesium 

.Ammonium Phosphate, Mg;Nn4P04 • • • • • • • • • 

'5'Q% Magnesium Phosphate, MgHP04 , 25% Magnesium 

c.Armnonitun. Phosphate, Mgl\1H4P04, and 25% Calcium 

Hydrogen Phosphate, Ca8T04 • • • • • • • • • • 

45 

46 

47 

48 

49 

50 

51 

' c 

~-

!o'i---



NAMES 0~~, COI.'IPOUND/COMPOUNDS 

2550 Magnesium Phosphate, MgHP04, 257t Calcium 

Hydrogen Phosphate, CaEI'04, 25% Magnesirun 

Ammoni.tun Phosphate, Mgl'm4Po4 , and 25% Calcium 

Oxalate liionohydrate, cac 2o4 .n2o .••.••.• 

/l-4 

SPECTRUM NO, 
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____ ,;:;"5% Tricalciu.'n Phosphate. ca3 (_F_Q4_)_2_,_2_5%•------~-------­

Calciurn. Oxalate ~;1onohydrate, CaC204.H20, 25% 

Magnesium J.\mrrwnium Phosphate, Mg]ili4P04, and 

25% lv'ce.gnesium Phosphate, MgHP04. • • • • • • , 

25% Magnesium Ammonium Phosphate, MgNH4P04, 25% 

Calcium Hydrogen Phosphate, CaBJ?011, 25)0 Tri-

Oxalate Monohydrate, Cac2o4 .n2o •• • •• • 

50% Calcium Oxalate Monohydrate, CaC204.H20, 

Tricalcium Phospha,te, ca3 (P04 ) 2 , and 25% 

Magnesium Ammonium Phosphate, M@ti4P04 , , 

50% Calciu..m Oxalate Monohydrate, CaC204.H20, 

Tricalcium Phosphate, Ca3( P04) 2• and 25% 

• • 

257b 

• • 

25% 

Magnesium Phosphate, MgBP04 • • • • • • • • • • 

25% Cystine, SCH2CH(NH2 )-COOH, 25% Calcium 

Hydrogen Phosphate, CaBP04 , 25% Calcium 

Oxalate Monohydrate, Cac 2o4 .H20, and 25% 

Magnesium Phosphate, MgBP04. • • • • • • • • 

50% Calcium Oxalate Monohydrate, CaC204.H20, 25% 

Calcium Hydrogen Phosphate. CaHPo4 , and 25% 

Indigo, C16H1oN202 • • • • • • • • • • • • • • 
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NAMES OF C01:IPOUND/COMPOt'NDS 

SCH;3CH( Nllz) -COOE, 25% Magnesium Ammonium 

Phosphate, Mglili4l'04, and 255b Calcimn 

Oxalate Monohydrate, GaO zO 4. HzO. • • , , , • • 

Phosphate, MgNH4Po4 , and 25% Magnesium 

Phosphate, N~HP04. • • • • • • • • • • f. • 

50% Uric Acid, C5H4N403, 25\lb Indigo, Cl6HloNzOz, 

and 25% Cystine, SCH2CH(NH2 )-COO;H. • • • • • • 

45 

SPECTRillii NO. 
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LIS'r 01!' SPECTRA BY A'rTENUA'I'ED TOTAL REFLECTION 

NPJ>illS OF COMPOUND COMPOUNDS 

Calcium Oxalate Monohydrate, cac2o4.H2o. • • 

Tricalciuru Phosphate, Ca3(I0 04) 2• 

Magnesium Phor;phate, jv!gHP04. • • 

• e • • • 

• • a • • • ' 

Caleiu:r;L Hydrogen Phosphate, CaHP04 

Cystine, SCEzCH(JIJ1I2)-COOH, 

• • 

.. 

• 

• 

• • • • 

Indigo, c16H1oN202 • • • . . . . . .. . 
Oxal~rte Monohydrate, cac2o4 .H2o •...•••• 

50% Uric Add, C5H4N4o3 , and 50% Magnes:i.um 

Phosphate, 1.fgHPO 4 • • • • • • • • • • • . . . 
50% Uric Ac:i.d, c5H4n4o3 , and 50% Calcium 

Hydrogen Phosphate, CaHP04 • • • • • • • • • • 

50% Tricalc:i.uru Phosphate, Ca3(P04)2, and 50% 

Calciu:ra Oxalate Monohydrate, Cac 2o4 .H20. • • • 

50% Tricalc:i.um Phosphate, Ca3(P04)2, and 50% 

Magnesium Phosphate, ~IgP"PO -· -- 4' • • • • • • • • • 

50% Tricalcium Phosphate, Ca3 (P04 ) 2 , and 50% 

Calcium Hydrogen Phosphate, CaHP04 • • • • • • 

50% Magnesium Ammonium Phosphate, MgHP04, and 

50% Calcium Oxalate Monohydrate, CaC204.H20• • 

50% Magnesium. lllmnonium Phosphate, MgNE4Po4 , and 

50% :Magnesium Phosphate, MgEPo4 • • • • • • •• 

SPEC'I'RUM NO. 
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NJIJV!ES OF COM:POU1ID/COI:D?OUNDS 

5010 J';!agnesium Phosphate, MgiiP04 , a.nd 50% 

Calcium H:yd:t•ogen Phosphate, CaiJ.V04 •••••• 

50% Indigo, C16H10N2o2 , and 505~ Calcil1m 

Oxalate Monohydrate, CaCz04.E20• • • • • •• 

Phosphute, l.~.:;HP04. . . . . . . . . . . . • • • 

I)hosphate, CaiiP04c • • ., . . . . . . $' I; • • • 

50% Calcium Hydrogen Phosphate, CaHP04 , and 50% 

l~!Iagnesium .A:rrilllonium Phosphate, J:~lgNii4Po4 . • (l • 

50% Calciun Oxalate Monohydra-te, Cac2o4 .H2o, 

a:nd 50% Magnesicun Phosphate, MgiiT'04 • • • ••• 

50% Calcium Oxalate Monohydrate, Cac 2o4 .H2o, and 

50% Calci1.L'll Hydrogen Phosphate, CaHP04 •••• 

50% Uric Acid, C5H4N403, and 50% Tricalcium 

Phosphate, Ca3(P04)2 .. • • • • • • • • • • • 

50% Uric Acid, C5H4N403, and 50% Cystine, 

SCHzCH( NH2 ) -COOH • • • • • • • • • • • • • , , 

50% Cystine, SCH2CH(!>j1Iz}-COOH, and 50% 

Tricalcium Phosphate, Ca3(P04l2• ••••••• 

50% Cystine, SCHzCH( J:m2 ) -COOH, and 50% 

Magnesium Ammonium Phosphate, :Mgtrn:4ro4 

5051 Indigo, c 16H10N2o2 , and 50% Cystine, 

SCH2CH ( NH2 ) -COOH • • • • • • • • • • • 

• • • • 

• • • • 
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N.fu\lES OF CO!/J:POUND/COMPOID.W 

Galcium.Hydrogen Phosphate, CaHP04 • • • • • • 

. 50% Tric-alcium Phosphate, Caz( P04l 2• and 50% 

Magnesium .Ammonium I'hosphate, MgNII4P04 •••• 

lillllnonim.'l Phosphate, MgNH4P04 • • • , • • • • • 

50% Indigo, c16H10N2o2 , and 50% Uric Acic., 

50% Tricalcitu~ Phosphate, Ca3(P04l2• 25%_Calcium 

Hydrogen Phosphate, CaHPO~•· and 25% Magnesium 

Phosphate, Wlg}!P04. • . • • • •· • • ••• e •• 

25% Tricalcitml Phosphate, Ca3(P04)2, 251j Calcium 

Hydrogen Phosphate, CaHP04 , 25% Calcium Oxalate 

Monohydrate, cac2o4 ,H2o, and 25~~ Magnesium 

Phosphate, MgHP04. • • • • • • • • • • "* • • • 

25% Tricalcium Phosphate, Ca3(P04l2• 25% Calcium 

Hydrogen Phosphate, CaHP04 , 25% Magnesium 

Jumnonium I'hosphate, MgNH4Po4 , and 25~; Calcium 

oxalate Monohydrate, Cac 2o4 .n2o. • • • • • • • 

50% Calcium Hydrogen Phosphate, CaHP04 , 25% 

Tricalcium Phosphate, Ca3(P04)2, and 25% 

Magnesium .Ammonium Phosphate, Mgim4ro4 ••.•• 
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NAMES OF CQII!iPOUND/COfdl'OUNDS SPECTRilli/I NO. 

25% Tri.calcilm Phosphate, Ca3(P04)2, 25% Calcium 

Hydrogen Phosphate, CeJJ:Po4 , 25)lb Magnesium 

Phosphate, MgifP04. . . . . . . . . . . ~~ .., . • 

Triealcium Phosphate, Ca3 (P04 ) 2 , and 25% 

Calcium Oxalate Monohydrate, CaC204.H20• • • • 

50% Tricalcium Phosphate, Ca3(P04} 2 , 25% 

Magnesium Ammonium Phosphate, Mgl'IH4P04, and 

25~0 Magnesium Phosphate, MgEP04. • • • • • • • 

25% Tricalcium Phosphate, Ca3(P04) 2 , 25% 

Magnesium Ammonium Phosphate, MgNII4P04, 25% 

Calcimn Oxalate Monohydrate, Cac 2o4 .H2o, and 

25% Magnesium Phosphate, MgHP04 •••••••• 

50% Jvre.gnesium Ammonium Phosphate, Jv!gNH4P04, 25% 

Tricalcium Phosphate; Ca3 ( P04 ) 2 , and 25J~ 

Calcium Hydrogen Phosphate, CaHPo4 •••••• 

50% Magnesium Ammonium Phosphate, Mgllli4P04, 25% 

Magnesium Phosphate, MgHP04 , and 25% Tricalcium 

Phosphate, Ca3 ( P04 l2 • • • • • • • • • • • • • 

25% Calcium Oxalate Monohydrate, CaC204.E20, 25% 

Calcium Hydrogen Phosphate, CaHP04 , 25% 

Magnesium Amrnoniuni Phosphate, MgNH4P04, and 

25% Magnesium Phosphate, MgHP04 •••••••• 
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.NAMES OF COMPOUND/CO!vlPOUl\fDS 

50% Calciurl Hydrogen Phosphate, Cal-IP04, 25% 

Magnesium .Ammonium Phosphate, l£gJ.ill4Po4 , and 

25% Calcium Oxalate Monohydrate, CaCz04.H20 •.•. 

505'; Calcium oxalate Monohydrate, CaG20L1'n2o, 25~; 

Magnesium . .Ammonimn Phosphate, Mgl'IHLLP04. • • • • 

25% Calcium Oxalate Monohydrate, Cac2o4 .H20, 25% 

Calcium Hydrogen Phosphate, Ca.-"ff£'04, 25% 

Tricalcium Phosphate, Ca3(P04)2, and 25% 

Magnesin;n Phosphate, ivigHP04. • • • • • • • • • 

50% Calcium Hydrogen Phosphate, CaHP04, 25% 

Calcium Oxalate Monohydrate, Cac 2o4 .H2o, and 

25% Magnesium Phosphate, lV!gEP04 • • • • • ••• 

5o% Calcium Hydrogen Phosphate, GaHP04 , 25% 

Magnesilll11 Phosphate, Mglll"04, and 25% Magnesium 

.Ammonium Phosphate, Mglllli4P04 • • • • • • • • • 

50% Magnesium Phosphate, MgiiP04, 25% Magnesima 

Ammonium Phosphate, Mgl\'H4P04, and 25% Calcium 

Hydrogen Phosphate, Ca}>::J?04 • • • • • • • • • • 

25% 1.1agnesilll11 .Ammonium Phosphate, lvigNH4Po4 , 25% 

Calcium Hydrogen Phosphate, CaHP04, 25% 

Tricalcium Phosphate, ca3 (Po4 ) 2 , and 25% 

• • 

SPECTHTJJI!l NO. 
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:NAMES OF GOl!iiPOUl'ill/COMPOUNDS 

25% Tricalcium Phosphate, Ca3 (Po4 ) 2 , 25% 

Calcium Oxalate Monohydrate, cac2o4.H2o, 

25% :Magnesium Ammonium Phosphate, Mg)n-I4P04, 

and 257f Magnesium Phosphate, lvlgKP04 ••• , •• 

Tricalcium Phosphate, Ca3 (P04 ) 2 , and 25% 

Magnesium .Ammonium Phosphate, Mgl\1H4P04 • • •• 

25% Calcium Hydrogen Phosphate, CaHP04, 25% 

Cystine, SCH2CH(NH2 )-COOH, 25% Cal.c:i.mn 

Oxalate MonohycJ.rate, Cac 2o4 .n2o, and 25% 

Magnesium Phosphate, MgEP04 • • • ••••••• 

50% Calcium Oxalate Monohydrate, Cac2o4 .n2o, 

,25% Tricalcium Phosphate, Ca3 ( P04 ) 2' and 25% 

Magnesium Phosphate, MgiiP04 •••••••••• 

.51 

SPECTRUM NO. 
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Oxalate Monohydrate, CaCz04.H20 By Transmission I.R. 
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257; Tricalcium Phosphate, ca3(J?04 ) 2 , ~:5% Calcium Hydrogen 
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25% Tricalcium Phosphate, Ca3 (P04 ) 2, 25% CalCium Hydrogen 
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50]~ Tric8.lcium Phosphate, Ca3 (P04 ) 2 , 2!5% Magnesium 

llmmoninn Phosphate, ~1Igl'-lF-4,P04, and 25% Magnesium 

Phosphate, MgHP04 By Transmission I.R. 
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50)b Calcium Oxalate Monohydrate, CaC20J,.H2o, 25~0 

and 25% Indigo, 
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CalciUL'l Hydrogen Phosphate, CaHF04 , 
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Spectrwn No. 58: 507~ Calci,wn Oxalate Monohydrate, cac 2o4 rH2o, 25% 

Calciwn Hydrogen Phosphate, CaBJ?04 , and 125% Indigo, 
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