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Studiesof the principal diamagneticsusceptibilitiesandrefractive indicesof ammonium
acid phthalate(AAP) crystalof orthorhombicphasearereported.The two propertiesfor
thecrystalaxesa, b andc areof oppositeorderi.e., x, > x» > Xe, Whilen, < ny < ne.
Theirrelationgo thestructureareoffered.Thecrystalis magneticallyuniqueandoptically
biaxial with a strongnegative optical birefringence The optical axial planeis parallelto
the (010) planeandthe molecularoneis nearerto the (100) plane.The work givesinfor-
mationon the shapeandorientationof the moleculeswithin the unit cell.
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1. Introduction

The presentwork dealswith the study of the magneticand optical propertiesof am-
moniumacid phthalate(AAP), oneof a fully known structure[1] amongsereral related
saltsof phthalicacid[2], with the aim to throw light on their physicalanisotropiesn re-
lation to their structures.The crystalis orhorhombicwith ¢ = 0.6397 nm, b = 1.0231
nm, ¢ = 2.6141 nm, spacegroupD33 — P.., Z = 8. Thecompounds essentiallyionic,
containingammoniumcationsanddiscretemonobasi@acid phthalateanions.Eachcation
is surroundedy six oxygenatomsat distance®.281to 0.297nm apart,in form of adis-
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torted octahedronThe work is devotedto relatethesepropertiesto the structureandto
give evidenceon the molecularshapeandorientations.

2. Experimental

Ammoniumacidphthalatg AAP, C¢H,COOHCOONH,) wasgrown asa crystalwith
(001) planeface,by slow evaporationof its aqueoussolution. Its molecularweightand
densityare: M = 183.12 andp = 1.415 g/cn?. Theprincipaldiamagnetisusceptibilities,
Xa, Xp @ndx. werestudiedoy combiningthe suspensioandthe Gouy methodsandtheir
molecularvalueswere deduced3]. The crystalrefractve indicesn,, ny, andn, were
measuredisingthe Becke line method,andthe molar refractvities R, , Ry and R, were
deduced4].

3. Results and discussion

Themeasuredliamagneti@anisotropie®f AAP arelistedin Tablel.

The meandiamagneticsusceptibilityhasbeenmeasuredy Gouy method[5] to be
xm = —(95.9520.17)10~% cm®/mole. Theprincipalsusceptibilityvaluesy; (i = a, b, c)
werededucedandarelistedin Table2 togethewith thoseof the measuredxial refractive
indicesn; (i = a, b, ¢) andtheir molarrefractvities R; (i = a, b, ¢).

TABLE 1. Diamagneticanisotropieof ammoniumacid phthalate(AAP) (in units of
107-% cm?/mole).

Crystal Diamagneti@nisotropies
Xa — Xe Xa — Xb Xb — Xe
AAP | 50.98 +0.06 | 45.27+0.14 | 5.71£0.15

TABLE 2. Principaldiamagnetisusceptibilities; (in unitsof 10-% cm?/mole), refractie
indicesn; andmolarrefractiities R; (in unitsof cm?/mole) of ammoniumacidphthalate
(AAP).

Property Principalproperties
a b c
Xi 128.03+0.83 | 82.76 +£0.62 | 77.05+0.58
n; 1.501 £ 0.008 | 1.680 = 0.006 | 1.702 £ 0.011
R; 3812+ 0.32 | 48.89+0.71 | 50.14 £0.53

Figurel shavs the generalrelationof x; andn; (; = b, ¢) to the projectionof the AAP

moleculamplaneontothe(100)plane[1]. With increasindknowledgeof theexactstructure,
it shouldbe possibleto relatethesedirectionalvaluesof x; andn; morepreciselyto the
characteiof bonds(length, orientation)and henceto the electronicconfigurationwithin

thestructureput thisis out the scopeof this work.
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Fig. 1. Projectionof theammoniumacid phthalate/AAP) moleculamlaneontothe (100)
plane.

The study exhibits alsothat orderingof valuesof diamagneticsusceptibilitiess op-
positeto the orderingof refractve indices,i.e. xo > xp» > X, While n, < np < ne.
Larger x, andsmallern,, associatedvith small axial anisotropief both propertiesin
thebe-plane,suggesthat:

1. The molecularplaneis inclined to the be-plane at a small angle,and molecules
forming the structureare not parallelbut considerablyinclined to eachotherwithin the
molecularplane,in agreementvith the X-ray measurementd]. Theanisotroy is dueto
theanisotropicspreadingf the electronicchaigeswithin the structure.
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2. The structureconsistsof layersthat are parallelto the (100) plane, hencegood
cleavageparallelto this planeis expected.In the presentase the crystalexhibits perfect
cleavageparallelto the (001) planewhich is accountedor by the presencef non-polar
regionswhich are formed by contactbetweenbenzeneings aroundthe two-fold scrav
axesatZ = 1/4 and3/4, Fig. 1. [1]. Hence thecrystalis cleaving easilyparallelto this
plane,andnot easyparallelto the spacedayers.

The magneticmeasurementsxhibit thatthe crystalis uniquelymagneticalongthe a
axis andexhibits positive magneticbirefringence.The optical datashav thatthe fastvi-
brationdirectionn, (minimumindex) correspondso weakbindingin this direction.The
crystalis biaxial negative with acuteopticalangle(2V = 22°56') and(010) planeasthe
opticalaxial one.Valuesandorientationf indicessuggestargenegative opticalbirefrin-
genceof the AAP crystalwith moleculesof platelike shapd6] thatlie in a planenearto
thebe-plane.Theslow vibrationdirectionn, (maximumindex) is nearto thelongestaxis
of themoleculewithin the molecularplanewhich containsthe polarizedoxygenatoms.It
wasshawn earlier[7] that polarizationof oxygenatomsis large andtheir effect on each
otheris relatively strong.Consequentlytheenhancednductive effect betweertheoxygen
doubletsn their distortedoctahedrorconfigurationin (AAP) increaseshe polarizationin
themoleculamplanemorethanin the normaldirectionandleadsto strongbirefringence.

On the other hand, oxygenpolarizationaffects the anisotropy via its magneticcon-
tribution. Electronicparamagnetisis found in miscellaneougompoundswith an even
numberof electronsjncludingmolecularoxygenandorganicbiradicals[8]. The planeof
polarizationof incidentpolarizedlight is rotatedeitheron reflection(Kerr effect) or on
transmissior(Faradayeffect) by an amountwhich dependson the magnetizatiorof the
compoundwhich affectsthe crystalanisotropy [9]. Then,-directionis characterizeaot
only by high refraction(high polarization)out alsohigh absorption.

To relatethe diamagnetisusceptibilityto the molecularstructure the moleculamag-
neticvaluesshouldbe obtained Knowledgeon the molecularorientationswith respecto
theprincipalaxesa, b, ¢ is required(Table3.)

TABLE 3. Directioncosinesof ammoniumacidphthalatg AAP).

L M N
0.2081 £ 0.0001 | 0.4240 4 0.0022 | 0.8870 & 0.0032
0.4261 +£ 0.0026 | —0.8677 &+ 0.0061 | 0.3188 & 0.0009
0.8862 + 0.0038 | —0.1233 £ 0.0007 | 0.3883 £ 0.0082

O o4e

The (L — M) planeis asinglemeanplanewhich containghebenzeneing andthetwo
carbonatomsof the carboxylgroups.The N-directionis normalto the (L — M) plane.

Usingthecrystalmoleculattensorelation[3], themoleculamagnetiovaluesK'y,, Ky
andK y asdiagonalvaluesandthemoleculamagnetiaanisotroly AK werededucedand
arelistedtogethemwith themolecularvaluesof benzeng3] in Table4.
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TABLE 4. Molecularmagneticsusceptibilitiesanisotropie®f ammoniumacidphtha-
late (AAP) andbenzenenoleculegin unitsof 10~%cm?/mole).

Molecule Molecularmagneticvalues Anisotropy

K, Ky Ky AK
AAP 70.66 £0.61 | 74.08 £0.13 | 142.59+0.63 | 70.22 £0.72

Benzene| 34.59 £0.82 | 34.53 £ 0.07 | 95.35+0.59 | 60.79 = 0.06

Theanglebetweerthe (100)planeandthe moleculamplane usingthe previousrelation
[3], is @ = 27°03', in agreemenwith the resultof X-ray measuremenrtl]. An interest-
ing point arisesfor the magneticcontritution of the doublebond of the carboxylgroup
within the molecule,which tendsto shaw its presencédy a small anisotropy in the L-M
moleculamplane. Themagneticsusceptibilityin thenormaldirectionis, however, too large
to beattributedonly to the presenc®f thesegroupsof doublebondson thebenzenging,
but ratherto the benzeneing itself. For aromaticsubstancewith their large conjugated
ring systemsjt seemghatthe large molecularorbits of resonancelectronsplay anim-
portantpart. Therefore it appeardhat the existenceof suchconjugatedondsimpliesa
force constraininghe 7 electrongto occupy planeorbits of moleculardimensionsvhose
effective areais largerthanthe normalatomicone,andthe weakinteractionbetweerthe
carboxylgroupandthe benzeneing in the moleculeis expected. Similar behaiour is re-
portedin theliteraturefor nitro groupsubstitutionon the nucleuswhich alsoincreasehe
molecularmagneticanisotroly [10] associatedvith weakinteractionwith benzeneaing
[11]. In contrast]argeinteractionbetweerthe halogenion andthe benzeneing, asin the
previouswork [3], leadsto areductionin the molecularorbital motionof = electronsand
hencein the molecularmagneticanisotroy. Aromatic ring with substitutedconjugated
sidebonds,asin the presentaseresultsin a larger magneticanisotropy thanthatof the
aromaticring alone,becausehe magneticcontributionsarethe vectorialsumof thoseof
the constituentg$10]. In literature[12], theinducedK of (COOH), permoleculeis about
14 - 10~% cm?/mole, but in the presenwork it is 10 - 10~ cm?/mole, which may reflect
theeffect of NH4 substitutionon the conjugationcharactenof its carboxylgroup.

4. Conclusion

AAP crystalis magneticallyuniaxialalongthe a axisandoptically biaxial with strong
negative birefringence.The moleculeswithin the unit cell areinclined to eachotherin
parallellayerplanesnclinedto the(100)planeatanangleof 27°03’. Themeasuregrop-
ertiesare oppositelyordered.The work exhibits the effect of doublebondin increasing
themagneticandopticalanisotropieshroughits effectonincreasinghemolecularorbital
areaof 7 electronsandpolarizabilityin the moleculamplane respectielly.
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MAGNETSKAI OPTICKA SVOJST\A FTALATA AMONIJEVE KISELINE

IzvjeStuju serezultatiistrazivanjaglavnih dijamagnetskitsusceptibilnosti indeksaloma
ortorombsle fazekristalaftalataamonijere kiseline. Dva swojstva za kristalneosia, b i ¢
susuprotnogedosljedax, > x» > Xe, dokjen, < ny < n,. IzlaZzu senjihovi odnosi
sastrukturomkristala. Ovi su kristali magnetskijedinstwvenii opticki biaksijalnis jakim
negativnim dvolomom. OsnaoptiCka ravnina je paralelnaravnini (010) a molekulskaje
blizaravnini (100).Ovaj raddajepodatle o obliku i orijentacijimolekulaunutarjedini¢ne
celije.
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