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Studiesof the principaldiamagneticsusceptibilitiesandrefractive indicesof ammonium
acidphthalate(AAP) crystalof orthorhombicphasearereported.The two propertiesfor
thecrystalaxes ��� � and � areof oppositeorder, i.e., ���	�
�����
�� , while ���	���������� .
Theirrelationsto thestructureareoffered.Thecrystalis magneticallyuniqueandoptically
biaxial with a strongnegative opticalbirefringence.Theopticalaxial planeis parallelto
the(010)planeandthemolecularoneis nearerto the(100)plane.Thework givesinfor-
mationon theshapeandorientationof themoleculeswithin theunit cell.
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1. Introduction

Thepresentwork dealswith the studyof the magneticandoptical propertiesof am-
moniumacid phthalate(AAP), oneof a fully known structure[1] amongseveral related
saltsof phthalicacid [2], with theaim to throw light on their physicalanisotropiesin re-
lation to their structures.The crystal is orhorhombicwith ����� � � � � � nm, ����� � � � � �
nm, � ��� � � �  �� nm,spacegroup !�" #$ %'&)(  � � � *���+ . Thecompoundis essentiallyionic,
containingammoniumcationsanddiscretemonobasicacidphthalateanions.Eachcation
is surroundedby six oxygenatomsat distances0.281to 0.297nm apart,in form of a dis-
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tortedoctahedron.The work is devotedto relatethesepropertiesto the structureandto
giveevidenceon themolecularshapeandorientations.

2. Experimental

Ammoniumacidphthalate(AAP, C, H- COOHCOONH- ) wasgrown asacrystalwith
(001) planeface,by slow evaporationof its aqueoussolution. Its molecularweight and
densityare: .0/21 3 4 5 1 6 and78/�1 5 9�1 : g/cm; . Theprincipaldiamagneticsusceptibilities,<�= > <�? and<�@ werestudiedby combiningthesuspensionandtheGouymethods,andtheir
molecularvalueswerededuced[3]. The crystal refractive indices A = , A ? , and A @ were
measuredusingtheBecke line method,andthemolar refractivities B = > B ? and B @ were
deduced[4].

3. Results and discussion

Themeasureddiamagneticanisotropiesof AAP arelistedin Table1.

The meandiamagneticsusceptibilityhasbeenmeasuredby Gouy method[5] to be<�C /2D'E F : 5 F :HGJI 5 1 K L 1 I M , cm; /mole.Theprincipalsusceptibilityvalues<�N ( O�/QP > R > S )
werededucedandarelistedin Table2 togetherwith thoseof themeasuredaxial refractive
indicesA N (OH/QP > R > S ) andtheirmolarrefractivities B N ( O�/QP > R > S ).

TABLE 1. Diamagneticanisotropiesof ammoniumacidphthalate(AAP) (in unitsof
10M , cm; /mole).

Crystal Diamagneticanisotropies<�= D <�@ <�= D <�? <�? D <�@
AAP : I 5 F 3�G�I 5 I T 9 : 5 6 KUG)I 5 1 9 : 5 K 1HG�I 5 1 :

TABLE 2.Principaldiamagneticsusceptibilities<�N (in unitsof 10M , cm; /mole), refractive
indicesA N andmolarrefractivities B N (in unitsof cm; /mole) of ammoniumacidphthalate
(AAP).

Property Principalproperties
P R S

<�N 1 6 3 5 I 4�G)I 5 3 4 3 6 5 K T�G�I 5 T 6 K K 5 I :�G)I 5 : 3
A N 1 5 : I 1HG�I 5 I I 3 1 5 T 3 I�G)I 5 I I T 1 5 K I 6�G�I 5 I 1 1
B N 4 3 5 1 6�G�I 5 4 6 9 3 5 3 F�G�I 5 K 1 : I 5 1 9VG)I 5 : 4

Figure1 shows the generalrelationof <�N and A N (O'/ R > S ) to theprojectionof the AAP
molecularplaneontothe(100)plane[1]. With increasingknowledgeof theexactstructure,
it shouldbepossibleto relatethesedirectionalvaluesof <�N and A N morepreciselyto the
characterof bonds(length,orientation)andhenceto the electronicconfigurationwithin
thestructure,but this is out thescopeof thiswork.
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Fig. 1. Projectionof theammoniumacidphthalate(AAP) molecularplaneontothe(100)
plane.

The studyexhibits alsothat orderingof valuesof diamagneticsusceptibilitiesis op-
positeto the orderingof refractive indices,i.e. W�X)YZW�[\YZW�] , while ^�X)_Z^�[\_`^�] .
Larger W�X andsmaller ^�X , associatedwith small axial anisotropiesof both propertiesin
the a b -plane,suggestthat:

1. The molecularplaneis inclined to the a b -planeat a small angle,and molecules
forming the structurearenot parallelbut considerablyinclined to eachotherwithin the
molecularplane,in agreementwith theX-ray measurements[1]. Theanisotropy is dueto
theanisotropicspreadingof theelectronicchargeswithin thestructure.
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2. The structureconsistsof layersthat are parallel to the (100) plane,hencegood
cleavageparallelto this planeis expected.In thepresentcase,thecrystalexhibits perfect
cleavageparallelto the (001)planewhich is accountedfor by thepresenceof non-polar
regionswhich areformedby contactbetweenbenzenerings aroundthe two-fold screw
axesat cedZf g h and3/4, Fig. 1. [1]. Hence,thecrystalis cleaving easilyparallelto this
plane,andnoteasyparallelto thespacedlayers.

Themagneticmeasurementsexhibit that thecrystalis uniquelymagneticalongthe i
axis andexhibits positive magneticbirefringence.Theopticaldatashow that the fastvi-
brationdirection j�k (minimumindex) correspondsto weakbindingin this direction.The
crystalis biaxial negative with acuteopticalangle( l m�del l n o p q ) and(010)planeasthe
opticalaxialone.Valuesandorientationsof indicessuggestlargenegativeopticalbirefrin-
genceof theAAP crystalwith moleculesof platelike shape[6] that lie in a planenearto
the r s -plane.Theslow vibrationdirection j�t (maximumindex) is nearto thelongestaxis
of themoleculewithin themolecularplanewhichcontainsthepolarizedoxygenatoms.It
wasshown earlier[7] thatpolarizationof oxygenatomsis largeandtheir effect on each
otheris relatively strong.Consequently, theenhancedinductiveeffectbetweentheoxygen
doubletsin theirdistortedoctahedronconfigurationin (AAP) increasesthepolarizationin
themolecularplanemorethanin thenormaldirectionandleadsto strongbirefringence.

On the otherhand,oxygenpolarizationaffects the anisotropy via its magneticcon-
tribution. Electronicparamagnetismis found in miscellaneouscompoundswith an even
numberof electrons,includingmolecularoxygenandorganicbiradicals[8]. Theplaneof
polarizationof incidentpolarizedlight is rotatedeitheron reflection(Kerr effect) or on
transmission(Faradayeffect) by an amountwhich dependson the magnetizationof the
compound,which affectsthecrystalanisotropy [9]. The j�t -directionis characterizednot
only by high refraction(highpolarization)but alsohighabsorption.

To relatethediamagneticsusceptibilityto themolecularstructure,themolecularmag-
neticvaluesshouldbeobtained.Knowledgeon themolecularorientationswith respectto
theprincipalaxes i�u r u s is required(Table3.)

TABLE 3. Directioncosinesof ammoniumacidphthalate(AAP).

v w x
i y z l y { fH|)y z y y y f y z h l h y�|�y z y y l l y z { { } y�|)y z y y ~ l
r y z h l p fH|)y z y y l p ��y z { p } }H|�y z y y p f y z ~ f { {�|)y z y y y �
s y z { { p l�|)y z y y ~ { ��y z f l ~ ~U|�y z y y y } y z ~ { { ~�|)y z y y { l

The(
v � w ) planeis asinglemeanplanewhichcontainsthebenzenering andthetwo

carbonatomsof thecarboxylgroups.The
x

-directionis normalto the(
v � w ) plane.

Usingthecrystalmoleculartensorrelation[3], themolecularmagneticvalues����u �8�
and��� asdiagonalvalues,andthemolecularmagneticanisotropy �	� werededucedand
arelistedtogetherwith themolecularvaluesof benzene[3] in Table4.
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TABLE 4. Molecularmagneticsusceptibilities,anisotropiesof ammoniumacidphtha-
late(AAP) andbenzenemolecules(in unitsof � � ��� cm� /mole).

Molecule Molecularmagneticvalues Anisotropy�8� �8� �8� �8�
AAP � � � � ����� � � � � ��� � ����� � � � � � � � � ���)� � � � � � � � ���)� � � �

Benzene � ��� � ����� � � � � ��� � ����� � � � � � � � ����� � � � � � � � ���)� � � �
Theanglebetweenthe(100)planeandthemolecularplane,usingthepreviousrelation

[3], is �J�Z� � � � � � , in agreementwith the resultof X-ray measurement[1]. An interest-
ing point arisesfor the magneticcontribution of the doublebondof the carboxylgroup
within the molecule,which tendsto show its presenceby a small anisotropy in the L-M
molecularplane.Themagneticsusceptibilityin thenormaldirectionis, however, too large
to beattributedonly to thepresenceof thesegroupsof doublebondson thebenzenering,
but ratherto the benzenering itself. For aromaticsubstanceswith their largeconjugated
ring systems,it seemsthat the largemolecularorbitsof resonanceelectronsplay an im-
portantpart. Therefore,it appearsthat the existenceof suchconjugatedbondsimplies a
forceconstrainingthe   electronsto occupy planeorbitsof moleculardimensionswhose
effective areais largerthanthenormalatomicone,andtheweakinteractionbetweenthe
carboxylgroupandthebenzenering in themoleculeis expected.Similar behaviour is re-
portedin theliteraturefor nitro groupsubstitutionon thenucleus,whichalsoincreasethe
molecularmagneticanisotropy [10] associatedwith weak interactionwith benzenering
[11]. In contrast,largeinteractionbetweenthehalogenion andthebenzenering, asin the
previouswork [3], leadsto a reductionin themolecularorbital motionof   electronsand
hencein the molecularmagneticanisotropy. Aromatic ring with substitutedconjugated
sidebonds,asin thepresentcase,resultsin a largermagneticanisotropy thanthatof the
aromaticring alone,becausethemagneticcontributionsarethevectorialsumof thoseof
theconstituents[10]. In literature[12], theinduced

�
of (COOH)¡ permoleculeis about

� �	¢ � � ��� cm� /mole,but in thepresentwork it is � �'¢ � � ��� cm� /mole,which mayreflect
theeffectof NH£ substitutionon theconjugationcharacterof its carboxylgroup.

4. Conclusion

AAP crystalis magneticallyuniaxialalongthe ¤ axisandopticallybiaxialwith strong
negative birefringence.The moleculeswithin the unit cell are inclined to eachother in
parallellayerplanesinclinedto the(100)planeatanangleof � � � � � � . Themeasuredprop-
ertiesareoppositelyordered.The work exhibits the effect of doublebondin increasing
themagneticandopticalanisotropiesthroughits effecton increasingthemolecularorbital
areaof   electronsandpolarizabilityin themolecularplane,respectivelly.

References

1) Y. OkayaandR. Pepinsky, ActaCryst.10 (1957)324;

2) P. Groth,Chemische Krystallographie, Engelmann(Leipzig)4 (1917)724;

3) M. Gaafar, Fizika A 5 (1996)41;

FIZIKA A 7 (1998)1, 11–16 15



GAAFAR: MAGNETIC AND OPTICAL PROPERTIES OF AMMONIUM ACID PHTHALATE

4) M. Gaafar, M. A. Lasheen,A. A. Aly andA. M. Ahmed,Phys.Stat.Solidi (a)111 (1989)K 259;

5) A. Earnshaw, Introduction to Magnetochemistry, Acad.Press.Inc., London(1968)84;

6) E. Manghi,C. A. De Caroni,M. R. De BenyacarandM. J. De Abeledo,Acta Cryst.23 (1967)
205;

7) W. L. Bragg,Proc.Roy. Soc.A 105 (1924)16;

8) V. Kittel, Introduction to Solid State Physics, Wiley, New York (1956),212;

9) M. C. Lovell, A. J. Avery andM. W. Vernon,Physical Properties of Materials, Van Nostrand
ReinholdCompany Ltd., London(1975)195;

10) G. VanDenBasscheandR. Sobry, ActaCryst.A 30 (1974)616;

11) J.Trotter, ActaCryst.12 (1959)884;

12) A. D. Gordon,J.Phys.Chem.64 (1960)273.

MAGNETSKAI OPTIČKA SVOJSTVA FTALATA AMONIJEVE KISELINE

Izvješćuju serezultatiistrǎzivanjaglavnih dijamagnetskihsusceptibilnostii indeksaloma
ortorombske fazekristalaftalataamonijeve kiseline.Dva svojstva zakristalneosi ¥�¦ § i ¨
susuprotnogredosljeda:©�ª�«�©�¬'«�©� , dok je ®�ª�¯�®�¬'¯�®� . Izlažu senjihovi odnosi
sastrukturomkristala.Ovi su kristali magnetskijedinstveni i optički biaksijalni s jakim
negativnim dvolomom.Osnaoptička ravnina je paralelnaravnini (010) a molekulskaje
bližaravnini (100).Ovaj raddajepodatkeo obliku i orijentacijimolekulaunutarjedinične
ćelije.
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