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MAGNETIC STRUCTURE AND DOMAIN CONVERSIONOF THE QUASI-2D FRUSTRATED ANTIFERROMAGNET CuCrO2PROBED BY NMRYu. A. Sakhratov a;b, L. E. Svistov *, P. L. Kuhns a, H. D. Zhou a;d, A. P. Reyes aaNational High Magneti Field Laboratory, Tallahassee32310, Florida, USAbKazan State Power Engineering University420066, Kazan, RussiaKapitza Institute for Physial Problems Russian Aademy Sienes119334, Mosow, RussiadDepartment of Physis and Astronomy, University of Tennessee, Knoxville37996, Tennessee, USAReeived June 17, 2014We measured 63;65Cu NMR spetra in a magneti �eld up to about 15:5 T on a single rystal of the multiferroitriangular-lattie antiferromagnet CuCrO2. The measurements were performed for perpendiular and parallelorientations of the magneti �eld with respet to the -axis of the rystal, and the detailed angle dependeneof the spetra on the magneti �eld diretion in the ab-plane was studied. The shape of the spetra an bewell desribed in the model of spiral spin struture suggested by reent neutron di�ration experiments. Whenthe �eld is rotated perpendiular to the rystal -axis, we for the �rst time diretly observed a remarkablereorientation of the spin plane simultaneous with rotation of the inommensurate wavevetor, by quantitativelydeduing the onversion of the energetially less favorable domain to a more favorable one. At high enough�elds parallel to the -axis, the data are onsistent with either a �eld-indued ommensurate spiral magnetistruture or an inommensurate spiral magneti struture with a disorder in the  diretion, suggesting thathigh �elds may have in�uene on interplanar ordering.DOI: 10.7868/S00444510141101211. INTRODUCTIONThe problem of an antiferromagnet on a triangularplanar lattie has been intensively studied theoretial-ly [1�5℄. The ground state in the Heisenberg and XYmodels is a �triangular� planar spin struture with threemagneti sublatties arranged 120Æ apart. The orien-tation of the spin plane is not �xed in the exhangeapproximation in the Heisenberg model. The appliedstati �eld does not remove the degeneray of the las-sial spin on�gurations. Therefore, the usual smallorretions suh as quantum and thermal �utuationsand relativisti interations in the geometrially frus-trated magnets play an important role in the formation*E-mail: svistov�kapitza.ras.ru

of the equilibrium state [2, 5, 6℄. The magneti phasediagrams of suh two-dimensional magnets strongly de-pend on the spin value of magneti ions.CuCrO2 is an example of the quasi-two-dimensionalantiferromagnet (S = 3=2) with a triangular lattiestruture. Below TN � 24 K, CuCrO2 exhibits spiralordering to an inommensurate spiral magneti stru-ture with a small deviation from the regular 120Æ stru-ture. The transition to the magnetially ordered stateis aompanied by a small distortion of the triangularlattie. We present an NMR study of the low-tem-perature magneti struture of CuCrO2 in the �eldsup to 15.5 T. These �elds are small in omparisonwith exhange interations within the triangular plane(�0Hsat � 280 T). Hene, we an expet that in our ex-periments, the exhange struture within an individualplane is not distorted signi�antly and the �eld evo-1002



ÆÝÒÔ, òîì 146, âûï. 5 (11), 2014 Magneti struture and domain onversion : : :lution of NMR spetra in our experiments is to spinplane reorientation or a hange in the interplane order-ing. The mirosopi properties of magneti phases ofthis magnet are espeially interesting beause this ma-terial is multiferroi [7�9℄. The possibility to modifyeletri and magneti domains with eletri and mag-neti �elds makes CuCrO2 attrative for experimentalstudy of the magnetoeletri oupling in this lass ofmaterials.2. CRYSTAL AND MAGNETIC STRUCTUREThe CuCrO2 struture onsists of magneti Cr3+(3d3, S = 3=2), nonmagneti Cu+, and triangularO2� lattie planes (TLPs), whih are staked along the-axis in the sequene Cr�O�Cu�O�Cr (spae groupR�3m, a = 2:98 Å, and  = 17:11 Å at room temper-ature [10℄). The respetive layer staking sequenesare ��, ��, and ���� for Cr, Cu, and O ions.The rystal struture of CuCrO2 projeted on the ab-plane is shown in top portion of Fig. 1. The dis-tanes between the nearest planes denoted by di�er-ent letters for opper and hromium ions and the pairsof planes for oxygen ions are =3, whereas the dis-tane between the nearest oxygen planes denoted bythe same letters is (1=3 � 0:22) (Ref. [10℄). Nostrutural phase transition has been reported at tem-peratures higher than the Néel ordering temperature(T > TN � 24 K). In the magnetially ordered state,the triangular lattie is distorted, suh that one sideof the triangle beomes slightly smaller than the othertwo sides: �a=a � 10�4 (Ref. [11℄).The magneti struture of CuCrO2 has been in-tensively investigated by neutron di�ration experi-ments [10; 12�15℄. It was found that the magneti or-dering in CuCrO2 ours in two stages [15, 16℄. At thehigher transition temperature TN1 = 24:2 K, a two-dimensional (2D) ordered state within ab-planes sets in,whereas below TN2 = 23:6 K, three-dimensional (3D)magneti order with the inommensurate propagationvetor qi = (0:329; 0:329; 0) along the distorted sideof TLPs [11℄ is established. The magneti moments ofCr3+ ions an be desribed by the expressionMi =M1e1 os(qi � ri+�)+M2e2 sin(qi � ri+�); (1)where e1 and e2 are two perpendiular unit vetorsdetermining the spin plane orientation with the nor-mal vetor n = e1 � e2, ri is the vetor to the ithmagneti ion, and � is an arbitrary phase. The spin-plane orientation and the propagation vetor of the
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xFig. 1. Top: Crystal struture of CuCrO2 projetedon the ab-plane. The three layers, ��, are the posi-tions of Cr3+ ions. Bottom: Referene angles  and' as de�ned in the text; the grey bar orresponds tothe projetion of the spin plane. The inommensuratewavevetor qi is ollinear with the base of the triangle(thik line)magneti struture are shematially shown in the bot-tom of Fig. 1. For a zero magneti �eld, e1 is parallelto [001℄ with M1 = 2:8(2)�B , while e2 is parallel to[1�10℄ with M2 = 2:2(2)�B (Ref. [15℄). The pith anglebetween the neighboring Cr moments orresponding tothe observed value of qi along the distorted side ofthe TLP is equal to 118.5Æ whih is very lose to 120Æexpeted for the regular TLP struture. Realization ofsuh magneti struture has the natural explanation inthe frame of Dzyaloshinskii�Landau theory of magnetiphase transitions (Ref. [17℄).Owing to the rystallographi symmetry in the or-dered phase, we an expet six magneti domains atT < TN . The propagation vetor of eah domain anbe direted along one side of the triangle and an be1003
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Fig. 2. The 63;65Cu NMR spetra of a CuCrO2 singlerystal (a) in the paramagneti state and (b ) in theordered state at the external magneti �eld diretedperpendiular to  axis, H k [110℄. The two sets oflines orrespond to the signals from quadrupolar split63Cu and 65Cu nulei. The peaks marked with rossesare spurious 63;65Cu and 27Al NMR signals from theprobepositive or negative. As reported in Refs. [14; 18℄, thedistribution of the domains is strongly a�eted by theooling history of the sample.Inelasti neutron sattering data [19℄ have shownthat CuCrO2 an be regarded as a quasi-2D magnet.The spiral magneti struture is de�ned by the strongexhange interation between the nearest Cr3+ ionswithin the TLPs with the exhange onstant Jab == 2:3 meV. The inter-planar interation is at least oneorder of magnitude weaker than the in-plane intera-tion.Results of the magnetization, ESR, and eletri po-larization experiments [9; 18℄ have been disussed inthe framework of the planar spiral spin struture at�elds studied experimentally: �0H < 14 T � �0Hsat(�0Hsat � 280 T). The orientation of the spin plane isde�ned by the biaxial rystal anisotropy. One hard axisfor the normal vetor n is parallel to the  diretion andthe seond axis is perpendiular to the diretion of thedistorted side of the triangle. The anisotropy along the diretion dominates, with the anisotropy onstant ap-proximately hundred times larger than that within the
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Fig. 3. Spetra similar to those in Fig. 2 but with the�eld applied parallel to  axis, H k [001℄ab-plane resulting from distortions of the triangle stru-ture. A magneti phase transition was observed for the�eld applied perpendiular to one side of the triangle(H k [1�10℄) at �0H = 5:3 T, whih was onsistently de-sribed [9; 14; 18℄ by the reorientation of the spin planefrom (110) (n ? H) to (1�10) (n k H). This spin reori-entation ours due to weak suseptibility anisotropyof the spin struture �k � 1:05�?.3. SAMPLE PREPARATION ANDEXPERIMENTAL DETAILSA single rystal of CuCrO2 was grown by the �uxmethod following Ref. [15℄. The rystal struture wason�rmed by single-rystal room-temperature X-rayspetrosopy. The magneti suseptibility M(T )=Hwas measured at �0H = 0:5 T in the temperaturerange 2�300 K using a SQUID magnetometer. The ob-tained suseptibility urve � was similar to the datain Refs. [8; 20℄. The Néel temperature TN � 24 K andthe Curie�Weiss temperature �CW = �204 K obtainedfrom the �tting of M(T ) at temperatures 150 K << T < 300 K are in agreement with the values givenin Ref. [8℄.NMR experiments were arried out using a home-built NMR spetrometer. Measurements were taken1004
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Fig. 4. The 63Cu NMR spetra (mI = �1=2$ +1=2) measured at di�erent angles between H applied within the ab-planeand the [110℄ diretion of the sample (solid irles). ZFC to T = 20 K and � = 55:3 MHz. Solid lines are the alulatedspetra in the model of the magneti struture (Eq. (1)) and orientations of spin planes (grey bars) shown in the bottom ofthe �gure. A, B, and C orrespond to three possible alignments of the propagation vetor of the magneti struture (qi isollinear to the triangle side marked thik); �A, �B , �C are the relative weights of the NMR signals from A, B, C domains,whih were used for the best oinidene with experimenton a 17.5 T Cryomagnetis �eld-sweepable NMR mag-net at the National High Magneti Field Laboratory.The 63;65Cu nulei (nulear spins I = 3=2, gyromag-neti ratios 63=2� = 11:285 MHz/T and 65=2� == 12:089 MHz/T) were probed using the pulsed NMRtehnique. In the �gures that follow, the spetra shownby solid lines were obtained by summing fast Fouriertransforms (FFT), while the spetra shown by ir-les were obtained by integrating the averaged spin-eho signals as the �eld was swept through the reso-nane line. The NMR spin ehoes were obtained us-ing 1:5 �s��D�3�s (H k ), 1:8 �s��D�3:6 �s (H ? ,�0H � 4:5 T), and 2:3 �s��D�4:6 �s (H ? , �0H �� 11:6 T) pulse sequenes, where the respetive timesbetween pulses �D were 15, 20, and 15 �s. Mea-surements were arried out in the temperature range4:2 K � T � 40 K stabilized with a preision better

than 0.03 K. The experimental setup allowed rotatingthe sample inside the exitation oil with respet to thestati �eld H ?  during the experiment.4. EXPERIMENTAL RESULTSThe 63;65Cu NMR spetra for the paramagneti(Figs. 2a, 3a) and ordered (Figs. 2b, 3b ) states forH ?  and H k  onsist of two sets of lines, orre-sponding to 63Cu and 65Cu isotopes. Eah set onsistsof three lines: one of them orresponds to the entralline (mI = �1=2 $ +1=2) and two quadrupole satel-lites orrespond to (�3=2$ �1=2) transitions.For the paramagneti state, the spetral shape wasfound to be independent of the magneti �eld orien-tation in the ab-plane. By ontrast, the shapes of the1005
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Fig. 5. Data similar to those in Fig. 4 but for ZFC to T = 4:2 Kspetra at temperatures below TN are strongly depen-dent on the �eld diretion and ooling history. Thespetra were studied under two ooling onditions: zero�eld ooling (ZFC) and �eld ooling (FC).In the �rst set of the experiments, the stati �eldwas oriented within the ab-plane (Figs. 4�9). The statimagneti �eld during the FCs was direted parallel(H k [110℄) or perpendiular (H k [1�10℄) to one sideof the triangular struture. For all FC data, the sam-ple was ooled in a �eld of 16.9 T from 40 to 4.2 K(or 5 K) with the harateristi time tooling � 40 min,and then the measurements were performed. The sam-ple was rotated about the -axis. The diretion of theexternal �eld given in the �gures is measured with re-spet to the [110℄ diretion of the sample. Beause thedata obtained for the full rotation of the sample reveala 180Æ symmetry, only data from 0 to 150Æ are shownfor larity.The angular dependenes in the ab-plane were mea-sured at the frequenies 55.3 MHz and 137 MHz. Thelower frequeny is hosen suh that the entral line of63Cu NMR is situated at �elds near 4.5 T, i. e., be-

low the reorientation �eld �0H = 5:3 T, whereas thehigher frequeny plaes the resonane above �0H.The NMR spetra were measured at two tempera-tures Thigh = 20 K (Figs. 4 and 8) and Tlow = 4:2 K(Figs. 5, 6, 7) and Tlow = 5 K (Fig. 9). We hosethese two temperature sets, beause the domain wallsin CuCrO2 are mobile at high temperatures, whereasat low temperatures the walls are pinned [18℄.In the seond set of the experiments, the stati �eldwas oriented parallel to the  diretion. RepresentativeZFC spetra at 20 K measured at di�erent �elds areshown in Fig. 10. 5. DISCUSSIONWe disuss the results of the NMR experimentsin the framework of the planar spiral spin struture(Eq. (1)) proposed from neutron di�ration experi-ments [15℄ and arried out at H = 0. The spin planeorientation of suh a struture is de�ned by weak rela-tivisti interations with the external �eld and rystal1006
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Fig. 6. Data similar to those in Fig. 4 but for FC H(16.9 T)k [110℄ ( = 0) to T = 4:2 K. The bakground in some panelsis due to the overlap with 65Cu NMR linesenvironment. Following Ref. [18℄, the anisotropi partof the magneti energy of CuCrO2 an be written asU = ��k � �?2 (n �H)2 + A2 n2z + B2 n2y; (2)where A > B > 0. For an arbitrary �eld diretion inthe ab-plane, the vetor n monotonially rotates fromn k [110℄ to n k H. This an be de�ned by minimizingEq. (2), whih an be rewritten asU = ���2 H2 os2( �')��HyH �2 sin2 '!++ A2 n2z: (3)Here, the angles  and ' de�ne the diretions of therespetive vetors H and n, as depited in Fig. 1. Us-ing the reorientation �eld value �0Hy = 5:3 T, weobtain the expeted orientations of the spin planes rel-ative to the �eld diretions of our NMR experiments.For the �eld direted along the �thik� side of the tri-angle in the ab-plane (i. e.,  = 0), ' = 0 at all �elds.

For the �eld direted along the �thin� side of the trian-gle (i. e.,  = 60Æ), the expeted angles ' for a given�eld are '(�0H = 4:5 T) = 22:15Æ and '(�0H == 11:6 T) = 54:3Æ. For the �eld diretion perpendi-ular to the �thik� side of the triangle (i. e.,  = 90Æ),'(�0H < �0Hy = 5:3 T) = 0 below spin-�op and'(�0H > �0Hy = 5:3 T) = 90Æ above spin-�op. Forthe �eld diretion perpendiular to the �thin� side ofthe triangle (i. e.,  = 30Æ), the spin plane orientationis de�ned by the angles '(�0H = 4:5 T) = 12:3Æ and'(�0H = 11:6 T) = 25:4Æ.For H k , the �eld of spin reorientation transi-tion Hz is expeted to be muh larger than the �eldsin our experiments [18℄. We therefore expet the spinplane orientation for H k  to be the same as at H = 0(n k [110℄).Analyzing the NMR spetral shapes, we found thatthey an be well desribed within the spiral spin stru-ture model given by Eq. (1) with the inommensuratepropagation vetor direted along one side of the tri-angle, qi = (0:329; 0:329; 0). Generally, the loal mag-1007
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Fig. 7. Data similar to those in Fig. 4 but for FC H(16.9 T)k [1�10℄ ( = 30Æ) to T = 4:2 K. The bakground in somepanels is due to the overlap with 65Cu NMR linesneti �eld at Cu sites is the sum of the long-range dipole�eld Hdip and the transferred hyper�ne ontat �eldprodued by the nearest Cr3+ moments. The 63;65CuNMR of CuCrO2 in the paramagneti state was stu-died in Ref. [21℄, where it was shown that the e�etive�eld at the opper site is proportional to the hromiummoment with a hyper�ne �eld of 3.3 T/�B . This valuedoes not depend on the diretion of the hromium mo-ment. The omputed dipolar �elds on the hromiumnulei in the paramagneti phase are anisotropi andessentially smaller than experimentally observed, andare respetively equal to 0.17 T/�B and �0:08 T/�Bfor H k [001℄ and H k [1�10℄. From these data, we pre-sume that the e�etive �eld measured in the paramag-neti phase [21℄ is mostly de�ned by the ontat �eldsfrom six nearest hromium magneti ions. Althoughthe ontat �eld reated by an individual neighbor-ing hromium moment ((1.3/6) T/�B = 0:55 T/�B)is muh larger than the dipole �eld, dipolar and on-tat hyper�ne ontributions prove to be omparable inthe ordered state. This is due to a strong ompensationof the ontat �elds from the six nearest hromium mo-

ments in the ordered state. We took both ontributionsinto aount in our alulations. The dipolar �elds onthe opper nulei were omputed by numerially sum-ming ontributions from nearest-neighbor Cr momentsin the sphere of the radius 20 Å; aounting for themoments farther away gives no notieable e�et. Theshape of the individual NMR line was taken Lorentzianfor the �ts.The best �t with experiment for H ?  was ob-tained with the value of Cr3+ magneti momentsM1 == M2 = 0:91(5)�B at low �elds �0H � 4:5 T (Figs. 4,5, 6, 7) andM1 =M2 = 1:15(9)�B at high �elds �0H �� 11:6 T (Figs. 8, 9). Eah individual linewidth is Æ == 20(5) mT for all �tted NMR spetra. This value isonsistent with the linewidth measured in the param-agneti phase.Sine the opper nulei in CuCrO2 are situated at aposition of high symmetry, the NMR spetra from themagneti domains with opposite diretions of inom-mensurate vetors +qi and �qi are idential. In theanalysis that follows, we assign the magneti domainsthe letters A, B, and C, having in mind that eah let-1008
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Fig. 8. Data similar to those in Fig. 4 but for ZFC to T = 20 K, � = 137 MHzter refers to two magneti domains indistinguishable bythe NMR method.The ZFC NMR spetra measured at the frequeny55.3 MHz and temperatures 20 K and 4.2 K are shownin Figs. 4 and 5. For the �eld direted parallel toone side of the triangle ( = 0, 60Æ, 120Æ), we ex-pet the resonane onditions of two domains (B, C)to be equivalent. A sketh of the expeted spin-planeorientations within A ( = 0, ' = 0), B ( = 60Æ, ' == 22:15Æ), and C ( = 120Æ, ' = 157:85Æ) domains areshown at the bottom left of eah �gure. The dashedand dotted lines respetively show the omputed spe-tra for domains A and B +C. The resulting spetrumwas obtained by summing the spetra from the threedomains with relative weights �A, �B , �C and is shownwith solid lines in the �gures.If the relative sizes of the domains do not hangeduring the rotation of the �eld, we expet that thesum of the relative frations �A of domain A measuredat three unique orientations  = 0, 60Æ, 120Æ, i. e.,�A(0)+�A(60Æ)+�A(120Æ), is equal to unity. The sameis true for the sum �C(30Æ)+�C(90Æ)+�C(150Æ). Howe-

ver, the experimental values of the sums at T = 20 K(Fig. 4) are �A(0) + �A(60Æ) + �A(120Æ) = 1:36 and�C(30Æ) + �C(90Æ) + �C(150Æ) = 0:65. This deviationfrom unity shows that the domain sizes of the samplehange with �eld rotation. These observations showthat the size of the energetially favorable domainsgrows at the expense of unfavorable domains. To ourknowledge, this phenomenon is diretly observed forthe �rst time via the NMR tehnique.For measurements at T = 4:2 K (Fig. 5), the sumsare loser to unity: �A(0) + �A(60Æ) + �A(120Æ) = 1:17and �C(30Æ)+�C(90Æ)+�C(150Æ) = 0:88. This impliesthat the mobility of domain walls inreases with thetemperature. We emphasize that the onversion of thedomain struture implies hanges not only in the spinplane orientation but also in the diretion of the wavevetor qi.The �eld ooling of the sample enables us to preparethe sample with the energetially preferable domains.If the �eld during the ooling proess was direted alongone side of the triangle ( = 0, Fig. 6), domain A ispreferable. In this ase, �eld-ooling the sample results8 ÆÝÒÔ, âûï. 5 (11) 1009
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Fig. 9. Data similar to those in Fig. 4 but for ZFC to T = 5 K, � = 137 MHzin an approximately 85% domain A and approximately15 % B and C. If the ooling �eld is direted perpen-diular to one side of the triangle ( = 30Æ, Fig. 7), do-mains B and C are preferable. In that ase, the NMRsignal from the unfavorable domain is negligibly smalland the two other domains have nearly the same sizes.Interestingly, the relative part of the sample where thediretion of qi hanges with �eld rotation at T = 4:2Khas nearly the same intensity as for the ZFC proedure.The parameters de�ning the domain onversion for FCsamples are �A(0) + �A(60Æ) + �A(120Æ) = 1:12 and�C(30Æ) + �C(90Æ) + �C(150Æ) = 0:91 for the ooling�eld diretion  = 0 (Fig. 6). For the ooling �elddiretion  = 30Æ (Fig. 7), these parameters are re-spetively 1.24 and 0.88. Thus, the domain onversionduring the rotation of the stati �eld �0H � 4:5 T atT = 4:2 K ours within 4�8% of the sample.Suh domain onversion is more learly observed athigher �elds �0H � 11:6 T > �0H = 5:3 T and ahigher temperature T = 20 K (see Fig. 8). For the�elds direted along one side of the triangular stru-ture, the NMR spetra an be solely identi�ed with a

single energetially preferable domain with qi parallelto the applied �eld ( = 0, 60Æ, 120Æ, spetra in the leftpanels of Fig. 8). This means that at T = 20K, the �eld(approximately 11:6 T) not only rotates the spin planeof the magneti struture but also rebuilds the domainstruture, suh that only the energetially preferabledomains are established in the sample, namely, the do-mains with qi k H. For the �elds direted perpendi-ular to one side of the triangle ( = 30Æ, 90Æ, 150Æ,spetra in the right panels of Fig. 8), domains A andB are more energetially preferable. The ZFC spe-tra observed at high �elds (approximately 11:6 T) andlow temperature (5 K) (Fig. 9) are qualitatively similarto ZFC spetra measured at low �elds (approximately4:5 T). Only the sums de�ning the domain onversionof the sample, �A(0) + �A(60Æ) + �A(120Æ) = 1:27 and�C(30Æ) + �C(90Æ) + �C(150Æ) = 0:5, are larger thanthose for the low �eld (1.17 and 0.88, respetively).The NMR spetra measured at the �eld diretedalong the -axis (hard axis for the n vetor of the stru-ture) is 2.5 times broader than those with �elds alignedwithin the ab-plane, Fig. 10. The shape of the spe-1010
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Fig. 10. Representative 63;65Cu NMR spetra at di�erent �elds (solid lines) under the ZFC ondition, T = 20 K. Shownare data taken with eah �eld swept over a narrow range at �xed frequenies. The x axis was adjusted suh that eah panelovers the same �eld range. The dotted line is the spetrum alulated using Eq. (1), dot-dashed and dashed lines are thealulated spetra orresponding to the inommensurate spiral magneti struture with disorder in the  diretion and theommensurate spiral magneti struturetra depends on the �eld value. In the low-�eld range(�0H . 10 T), the shape has two horns similar to thoseobserved for �elds oriented within the ab-plane. Forhigher �elds, an additional third peak appears in themiddle of the spetra. The low-�eld spetra an be satisfatorily desribedby the model of inommensurate spiral spin struturesimilar to the struture proposed for zero �eld (Eq. (1)).The best �t at T = 20 K and �0H � 9 T is obtainedwith M1 = M2 = 2:1 �B and Æ = 20 mT (Fig. 10, the1011 8*



Yu. A. Sakhratov, L. E. Svistov, P. L. Kuhns et al. ÆÝÒÔ, òîì 146, âûï. 5 (11), 2014dotted line).The hange of the NMR spetral shape at higher�elds indiates the �eld evolution of the magneti stru-ture. We suggest two possible models of the high-�eldmagneti struture. The dash-dotted line in Fig. 10shows the NMR spetra omputed using Eq. (1) withrandom phases � for strutures within di�erent trian-gular planes with M1 = M2 = 2:2 �B and Æ = 20 mT.This model aounts for the inommensurate spiralmagneti struture within every ab-plane with disor-der in the  diretion. In this ase, the experimentalspetra an be desribed by the sum of the spetra fromthe parts of the sample with order and disorder alongthe  diretion.Another model for the three-horn spetra is theommensurate magneti struture with the pith an-gle lose to 120Æ, in whih one moment looks along[00�1℄ diretion, i. e., opposite to the applied �eldH. The NMR spetrum omputed in that ase withM1 =M2 = 2:7 �B and Æ = 30 mT is shown in Fig. 10with the dashed line. A transition of the spiral stru-ture from inommensurate to ommensurate in largeenough �elds has been observed in other ompoundswith a triangular struture [22�24℄.For both models, the values ofM1 andM2 are loserto the maximum value expeted for the hromium mag-neti moment g�BS, ompared to those values for theperpendiular orientation. It is probable that the stati�eld applied along the  diretion suppresses the �utu-ating part of the magneti moments of Cr ions, whihould explain its large value for H k  ompared to itsvalue for H ? .The observed �third peak� peuliarity possibly or-responds to a phase transition also seen by reent ele-tri polarization experiments [25℄.6. CONCLUSIONSThe 63;65Cu NMR spetra measured at H ? [001℄an be well desribed by the planar spiral magnetistruture with the osillating omponents of the mo-ments approximately 2.5 times smaller than those ob-tained from neutron di�ration experiments [10, 15℄.Rotation of the sample in a magneti �eld results inthe reorientation of the spin plane aompanied by re-orientation of the inommensurate wave vetor of thestruture. This wave vetor follows the diretion of themagneti �eld at high enough temperature and �elds,whereas at low temperatures or low �elds, the prop-agation vetor is de�ned by the ooling history of the
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