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67 Rochelle salt (NaKC;H,O4 - 4H,0) family

67A Pure compounds

No. 67A-1 NaKC4H4O - 4H,0, Sodium potassium tartrate tetrahydrate

(Seignette salt, Rochelle salt, RS)
(M=1282.22; [D: 294. 30])

la Ferroelectricity of Rochelle salt was first reported by Valasek in 1920.

b

See also
phase

III

II

I

state

P

F

P

crystal system

orthorhombic

monoclinic

orthorhombic

space group

P2,2,2-D;

P2, -C;

P2,2,2-Dj

o[°C]

For NaKC4H2D206 . 4D20, 8[11,11 =-22°Cand @[1,1 =35 OC;

—-18

see also Fig. 67A-1-042 in subsection Sa.

P [100].

Tmete = 55 °C; see also Fig. 67A-1-001.

p=1775-10°kgm™.

For NaKC,H,D,05 - 4D,0, p=1.830(3) - 10°kg m .

Transparent, colorless.

Deliquescence and efflorescence: Fig. 67A-1-001.

24

20Val
21Val

24Val
37]Jaf

40Hol
21Val
39Masl

40Hol
62Jon

2a

Crystal growth: cooling or evaporation method from aqueous solution.

Solubility in H,O: Fig. 67A-1-002.

Crystal form: Fig. 67A-1-003, Fig. 67A-1-004.
In the ferroelectric phase (monoclinic), crystallographic axes a, b, c, usually accepted, are
parallel or nearly parallel to those of the paraelectric phase (orthorhombic), namely the

diad axis is a instead of b.

49Miy

3a

Unit cell parameters: Table 67A-1-001.

Z=4.

Crystal structure: Fig. 67A-1-005, Fig. 67A-1-006, Fig. 67A-1-007, Fig. 67A-1-008,
Fig. 67A-1-009, Fig. 67A-1-010, Fig. 67A-1-011.
Fractional coordinates and temperature parameters: Table 67A-1-002, Table 67A-1-003,

Table 67A-1-004, Table 67A-1-005, Table 67A-1-006, Table 67A-1-007.

Atomic displacements due to spontaneous polarization: Table 67A-1-008.

Structure of tartrate ion: Fig. 67A-1-012, Fig. 67A-1-013, Fig. 67A-1-014, Fig. 67A-1-015.

Interatomic distances: Table 67A-1-009; Fig. 67A-1-016, Fig. 67A-1-017,
Fig. 67A-1-018, Fig. 67A-1-019, Fig. 67A-1-020.
For the structure of phase Il under E;,, see

41Bee

74Mit

Lattice distortion: Fig. 67A-1-021.

Thermal expansion: Fig. 67A-1-022; see also

Thermal expansion coefficients: Fig. 67A-1-023, Fig. 67A-1-024;
see also Table 67A-1-001 in subsection 3a.
Density change: Fig. 67A-1-025.

35Vig,
35Hab
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976 67 Rochelle salt (NaKC4H4Og - 4H,0) family
5a Dielectric constant below 1 kHz: Fig. 67A-1-026, Fig. 67A-1-027, Fig. 67A-1-028,
Fig. 67A-1-029, Fig. 67A-1-030, Fig. 67A-1-031.
Dielectric dispersion in microwave region: Fig. 67A-1-032, Fig. 67A-1-033,
Fig. 67A-1-034, Fig. 67A-1-035; see also Fig. 67B-1-021, Fig. 67B-1-022,
Fig. 67B-1-024 in No. 67B-1.
Dielectric dispersion in millimeter and submillimeter wave region: Fig. 67A-1-036,
Fig. 67A-1-037, Fig. 67A-1-038, Fig. 67A-1-039, Fig. 67A-1-040.
Dielectric constant at constant strain: see Fig. 67A-1-058, Fig. 67A-1-059 in subsection 7a.
Curie-Weiss law: Table 67A-1-010.
Effects of hydrostatic pressure on ©@: Fig. 67A-1-041, Fig. 67A-1-042.
Pressure dependence of the Curie temperatures: 38Ban
Compound | (dGy/dp), -0 | (dGn/dp), -0 |
NaKC,H,0; - 4H,0 10.93-10°° 3.84-10° [K Pa']
NaKC4H,D,05 - 4D,0 102-107° 33107 [KPa']
See also 65Sam,
68Sam
Two phase transitions of the first kind exist at 3.7 GPa and 5.9 GPa at 20 °C. 72Myl
Effects of two dimensional pressure 7 perpendicular to [100]:
d@y/dT=22(1)- 10°* K m*N, dOy /dT=30(2) - 10°* K m*N". 72Mor
Effects of uniaxial pressure: see 67Unr
b Nonlinear dielectric properties:
E=[(T- 6,)/&ClP+ &P, E=4.7(6)- 10"V m’C”. 40Mue
E,=(Bu+énD? + 82D} + &3 D?)Das 68For
£1=59-10°Vm’C? &,=33-10"Vm’°C?, &;=-35-10"Vm’°C".
¢ Spontaneous polarization: Fig. 67A-1-043.
Coercive field: Fig. 67A-1-044.
For frequency and applied field dependence of E.: see 58Wie,
64Abe
d Electrocaloric effect: Fig. 67A-1-045.
6a Heat capacity: Fig. 67A-1-046, Fig. 67A-1-047, Fig. 67A-1-048.
Transition heat AQ,, and transition entropy AS;: 78Tat
Gun | O
AQ: [T mol™] 7.51 9.86
ASy [T K 'mol™] 0.029 0.021
b Thermal conductivity: Fig. 67A-1-049.
7a Piezoelectric constants: Table 67A-1-011; Fig. 67A-1-050, Fig. 67A-1-051, Fig. 67A-1-052,
Fig. 67A-1-053, Fig. 67A-1-054, Fig. 67A-1-055, Fig. 67A-1-056, Fig. 67A-1-057.
Electromechanical coupling factor: Fig. 67A-1-058, Fig. 67A-1-059, Fig. 67A-1-060.
b Electrostriction: Fig. 67A-1-061, Fig. 67A-1-062.
Electrostriction around @;_;: see 84Beil
¢ Nonlinear electromechanical properties: Fig. 67A-1-063.
8a Elastic properties:

Resonance method: Table 67A-1-012; Fig. 67A-1-064, Fig. 67A-1-065,
Fig. 67A-1-066, Fig. 67A-1-067, Fig. 67A-1-068; see also Fig. 67A-1-059
in subsection 7a.

Pulse method: Fig. 67A-1-069, Fig. 67A-1-070.

Brillouin scattering: Fig. 67A-1-071.
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 977
Piezoelectric line in NQR: Fig. 67A-1-072.
Elastic compliance around @_: see 84Beil
b Nonlinear elastic constants: see 83Bei,
84Bei2
9a Refractive indices: Fig. 67A-1-073, Fig. 67A-1-074.
Indicatrix parameters: Table 67A-1-013.
Change in rotation angle of optical indicatrix during domain switching:
see Fig. 67A-1-106 in subsection 15b.
Optical axial angle: Fig. 67A-1-075.
Birefringence: Fig. 67A-1-076.
Optical absorption: Fig. 67A-1-077.
Optical absorption due to VO**: see 85Aga
Far-infrared spectra: see subsection Sa.
b Electrooptic constants: Table 67A-1-014; Fig. 67A-1-078, Fig. 67A-1-079,
Fig. 67A-1-080.
Change in birefringence by applied electric field: Fig. 67A-1-081, Fig. 67A-1-082,
Fig. 67A-1-083, Fig. 67A-1-084.
¢ Piezooptic effect: Table 67A-1-015.
d Optical rotatory power: Fig. 67A-1-085.
Gyration tensor: gj; = —8.6(5) - 10°°, g5, =—6.7(15) - 10°°, g33=7.2(16) - 10°° 75Vlo
at 21 °C for A= 632.8 nm.
10a Raman scattering: Table 67A-1-016; Fig. 67A-1-086, Fig. 67A-1-087.
b Brillouin scattering: Fig. 67A-1-088.
Elastic stiffness obtained from Brillouin scattering: see Fig. 67A-1-071 in subsection 8a.
11 Electrical conductivity: Fig. 67A-1-089, Fig. 67A-1-090.
Breakdown field: 2 - 10°kV m ™. 69Gur
12 Effect of magnetic field on the phase transition: see 81Ism
13a NMR of proton and deuteron: Table 67A-1-017; Fig. 67A-1-091, Fig. 67A-1-092,
Fig. 67A-1-093.
NMR of **Na: Table 67A-1-018, Table 67A-1-019; Fig. 67A-1-094, Fig. 67A-1-095,
Fig. 67A-1-096, Fig. 67A-1-097.
b ESR: Table 67A-1-020, Table 67A-1-021; Fig. 67A-1-098.
14a Integrated intensity of Bragg reflection: Fig. 67A-1-099, Fig. 67A-1-100,
Fig. 67A-1-101.
15a Domain structure: Fig. 67A-1-102, Fig. 67A-1-103.
Domain structure observation by polarized light: see 50Fur,
53Mit
Domain structure observation by X-ray topography: see 83Kla,
85Ume
Domain structure observation by powder pattern method: see 59Pea,
73Hat
b Direct observation of domain wall motion by polarized light: see 53Mit,
60Wie
Switching current, switching time: Fig. 67A-1-104, Fig. 67A-1-105.
Change in rotation angle of optical indicatrix during domain switching: Fig. 67A-1-106.
Polarization reversal investigated by means of electro-optic Kerr effect *) and by ") 60Wie,
optical gyration and rotation of indicatrixes °). ")91Kobl,
91Kob2
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978 67 Rochelle salt (NaKC4H4Og - 4H,0) family

16  Surface layer: see 76Man

Radiation damage: see 670ka,
67Suz

Dislocation and macroscopic defects: see 61Nak,
83Kla

Etchant: H,O. 61Nak

Effects of humidity: see 49Kaw
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 979

Table 67A-1-001. NaKC4H,Oq - 4H,0. Unit cell parameters a, b, c.

Ref.  [34Sta]  [41Bee]  [46Ubb]
T=-50°C T=+20°C T=+35°C
a[A] 11.91(4) 11.93 11.815 11.867(7)  11.878
b[A] 1432(5) 1430 14.203 14.236(8)  14.246
c[A]  62002)  6.17 6.195 6213(4) 6218

Table 67A-1-002. NaKC,H,O4 - 4H,0. Structure of phase I (RT) [41Bee]. Fractional coordinates. See the
caption of Fig. 67A-1-006.

X=a Y=b Z=c X=a Y=b Z=c
K (1) 0.00  0.00 0.05 H,0 (7) 040  0.08 0.50
K (2) 0.00  0.50 0.15 H,0 (8) 0.25 0.05 0.87
Na 0.23 0.99 052  H0(9) 044  0.30 0.05
o (1) 0.12 0.10 037  H,0O (10) 0.42 0.40 0.45
0(Q2) 0.22 0.20 0.12 c() 0.15 0.18 0.28
03 0.23 0.40 0.82 CQ® 0.12 0.28 0.42
04 0.06 037 0.85 CcQ@® 0.17 0.27 0.65
OH (5) 0.16 0.36 0.32 cC“4 0.15 0.35 0.80
OH (6) 0.29 0.24 0.63

Table 67A-1-003. NaKC4H,Oy - 4H,0. Structures of phase I (35 °C) and phase III (-64 °C) [57Maz].
Fractional coordinates and temperature parameters. By, By: along the direction of the maximum, mini-
mum thermal vibration. J: angle between the direction of the maximum thermal vibration and a* axis.
Temperature factor = exp (=B ,sin’ 6/ A°). B, = Bycos’ (¢ — 9) + Bysin’(¢ — ). ¢: angle between radius
vector (h k 0) and a*axis in reciprocal space.

Atoms Structure at —64 °C

Structure at +35 °C

Coordinates ~ Temperature factors [A%] Coordinates ~ Temperature factors [A?]

X y X Yy
K1) 0 0 Bu=545,B,=1.19,6=-30° 0 0 Bu=17.78, B,=1.49, 6=-35°
K2) 12 0 Bu=1.78,B,=119,6=-35° 122 0 By =2.25,B,=1.49, §=-35°
Na 0232 0992 By =1.14, B,=0.47, 6=0° 0.232 0992  By=1.14,B,=0.47,6=0°
C() 0.153 0.188 B=1.11 0.153 0.188 B=1.11
C(2) 0.127 0.271 B=1.11 0.127 0.271 B=1.11
C3) 0.175 0.267 B=1.11 0.175 0.267 B=1.11
C@4) 0.170 0.356 B=1.11 0.170 0.356 B=1.11
O(1) 0.121 0.109 B=1.11 0.121 0.109 B=1.11
0(2) 0.211 0.202 B=1.11 0.209 0.202 B=1.11
O0(3) 0.232 0407 By=2.59,B,=1.11,06=0° 0.235 0406 By=2.59,B,=1.11,6=0°
0@4) 0.050 0.359 B=1.11 0.054 0.361 B=1.11
O(5) 0.154 0.356 B=1.11 0.154 0.356 B=1.11
0(6) 0.298 0.249 B=1.11 0.297 0.249 B=1.11
O(7) 0.397 0.084 B=1.11 0.397 0.084 B=1.11
O(8) 0.244 0.040 By=4.79,B,=1.85,0=0° 0.248 0.040 By =5.53,B,=3.84, 6=0°
0©) 0.440 0.305 B=256 0.440 0.301 By =5.53,B,=3.84, 6=90°
0(10) 0.426 0.395 B=256 0.427 0.396 B=2.59
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980 67 Rochelle salt (NaKC4H4Og - 4H,0) family

Table 67A-1-004. NaKC,H,O4 - 4H,0. Structure of phase I [89Iwa]. Fractional coordinates and aniso-
tropic temperature parameters at 24 °C. b;; is defined by Eq. (b) in Introduction. Values multiplied by 10
are shown.

Atom X y z b]l bzz b33 b]z b13 b23
Na  2313(1) 9929(1) 5226(3) 36(1) 23(1)  1444) —1(1) —62) 702
Kl 0 0 4723)  105(2)  53(1)  193(5) —3%(1) 0 0
K2 0 5000  1591(2) 41(1) 33(1) 1283)  4(1) 0 0
Ol 11933) 1091(2) 3511(5) 392) 20(1) 131(8) —4(1) —5(4) —5(3)
02 2096(3) 2026(2) 1193(5) 61(3) 26(2)  117(8) 12) 174  -4(3)

03 2339(3) 4060(2) 8125(6) 68(3) 28(2)  168(9)  -9(2)  —6(5) —20(4)
04 537(3) 3626(3) 8439(6) S51(3) 41(2)  144(9) 142 5(4)  —20(4)
05  1634(3) 3573(2) 3248(5) 54(2) 17(1)  105(8) 1(2) 0(4) 13)
06 2950(3) 2481(2) 6275(6) 40(2) 25(2)  171(9) 6(2) —14(4) 2(3)
07  3956(3) 821(2) 4837(6) 42(2) 30(2)  210(10)  12)  22(5) 6(4)
08  2444(4)  412(2) 8852(5) 141(5) 27(2) 99(9) 92)  22(6) 3(3)
09 4378(3) 3016(3) 347(8) 53(3) 80(3)  263(13)  9(3) —20(6) —16(6)
010  4251(3) 3984(3) 4188(8) 49(3) 67(3)  397(17) 23(2) —49(6) -80(6)
Cl 1543(4) 1876(3) 2850(7) 27(3)  19(2) 98(10)  2(2) —16(5)  -3(4)
C2 1249(3)  2734(3) 4235(7) 28(3) 18(2)  102(10)  0(2) 6(5)  —4(4)
C3 1784(4) 2642(3) 6449(7)  34(3)  21(2) 99(10)  1(2) 3(5) 0(4)
C4 1525(4) 3515(3) 7805(7) 51(3)  22(2) 76(10)  6(2) —17(5) 3(4)
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 981

Table 67A-1-005. NaKC4H,O - 4H,0. Structure of phase II [94Suz]. Fractional coordinates and aniso-
tropic temperature parameters at 273 K. b;; is defined by Eq. (b) in Introduction. Atoms with suffix A are

related to atoms with suffix B through 2, axis parallel to b axis in phase I.

x y z

bll b22 b33 b12 b13 b23

Na(A)
Na(B)
K(1)

KQ)

C(1A)
C(1B)
C(2A)
C(2B)
C(3A)
C(3B)
C(4A)
C(4B)
O(1A)
O(1B)
0(2A)
0(2B)
0(3A)
0(3B)
O(4A)
O(4B)
0(5A)
O(5B)
0(6A)
0(6B)
O(7A)
O(7B)
O(8A)
O(8B)
0(9A)
0(9B)
O(10A)
O(10B)

0.2674(2) 0.4933(1) 0.4760(4)
0.2308(2) 0.9931(1) 0.5198(4)
~0.0033(3) 1.0013(1) 0.0461(3)
~0.0011(2) 0.5011(1) 0.1595(2)
0.1537(5) 0.1883(4) 0.2821(9)
0.3437(5) 0.6884(4) 0.7174(9)
0.1242(5) 0.2740(4) 0.4217(9)
0.3742(6) 0.7735(4) 0.5765(9)
0.1777(5) 0.2641(4) 0.6429(9)
0.3209(5) 0.7637(4) 0.3525(9)
0.1525(6) 0.3517(4) 0.7766(8)
0.3484(7) 0.8507(4) 0.2207(10)
0.1188(4) 0.1087(3) 0.3494(8)
0.3790(4) 0.6093(3) 0.6510(7)
0.2086(5) 0.2032(3) 0.1171(7)
0.2881(5) 0.7029(3) 0.8801(7)
0.2334(5) 0.4057(3) 0.8124(9)
0.2683(6) 0.9070(3) 0.1889(9)
0.0539(5) 0.3633(3) 0.8446(9)
0.4481(5) 0.8598(3) 0.1524(8)
0.1626(5) 0.3569(3) 0.3200(8)
0.3347(4) 0.8569(3) 0.6739(7)
0.2951(4) 0.2482(3) 0.6231(8)
0.2037(4) 0.7484(3) 0.3692(8)
0.3944(5) 0.0827(3) 0.4845(10)
0.1041(5) 0.5829(3) 0.5173(11)
0.2392(7) 0.0397(4) 0.8833(8)
0.2546(7) 0.5417(4) 0.1121(9)
0.4373(6) 0.3001(6) 0.0379(13)
0.0608(6) 0.8038(6) 0.9622(11)
0.4244(6) 0.3992(5) 0.4192(14)
0.0768(6) 0.8933(5) 0.5697(11)

0.0037(2) 0.0016(1) 0.0135(6) 0.0000(1) —0.0004(2) —0.0002(2)
0.0034(1) 0.0014(1) 0.0165(6) —0.0001(1) ~0.0007(2) 0.0011(2)
0.0098(1) 0.0044(1) 0.0202(4) —0.0034(1) —0.0015(3) 0.0009(1)
0.0044(1) 0.0027(1) 0.0135(3) 0.0003(1) 0.0000(1) 0.0002(1)
0.0030(4) 0.0010(2) 0.0097(2) 0.0000(2) —0.0012(5) —0.0000(4)
0.0033(4) 0.0015(2) 0.0084(2) —0.0002(2) —0.0015(5) 0.0012(4)
0.0031(4) 0.0012(2) 0.0084(2) 0.0000(2) —0.0005(5) 0.0001(4)
0.0034(4) 0.0013(2) 0.0085(2) 0.0000(2) —0.0004(5) 0.0014(4)
0.0031(4) 0.0013(2) 0.0085(2) 0.0001(2) —0.0008(5) —0.0003(4)
0.0030(4) 0.0015(2) 0.0096(2) —0.0003(2) —0.0016(5) 0.0005(4)
0.0053(5) 0.0015(2) 0.0036(1) 0.0005(2) —0.0016(6) —0.0004(3)
0.0055(5) 0.0016(2) 0.0089(3) —0.0007(3) —0.0020(6) 0.0008(4)
0.0036(3) 0.0011(1) 0.0178(3) —0.0001(2) —0.0001(5) 0.0011(3)
0.0038(3) 0.0011(1) 0.0128(1) 0.0001(2) —0.0003(5) —0.0006(3)
0.0060(4) 0.0018(2) 0.0094(1) 0.0003(2) 0.0022(5) —0.0005(3)
0.0051(4) 0.0019(2) 0.0111(1) 0.0003(2) 0.0028(5) 0.0014(3)
0.0066(4) 0.0018(2) 0.0193(5) —0.0010(2) —0.0022(7) —0.0012(4)
0.0067(4) 0.0022(2) 0.0202(5) 0.0006(2) —0.0006(7) 0.0029(4)
0.0049(4) 0.0028(2) 0.0151(3) 0.0011(2) 0.0009(6) —0.0017(4)
0.0056(4) 0.0030(2) 0.0106(1) —0.0015(2) —0.0003(5) 0.0010(4)
0.0055(4) 0.0010(1) 0.0114(1) —0.0005(2) —0.0011(5) 0.0008(3)
0.0049(3) 0.0010(1) 0.0100(0) 0.0000(2) —0.0002(5) 0.0002(3)
0.0037(3) 0.0018(2) 0.0156(2) 0.0006(2) —0.0015(5) —0.0002(4)
0.0031(3) 0.0016(2) 0.0171(3) —0.0004(2) —0.0006(5) 0.0009(4)
0.0039(3) 0.0018(2) 0.0218(5) —0.0001(2) 0.0019(6) —0.0004(4)
0.0033(3) 0.0020(2) 0.0279(8) 0.0002(2) 0.0019(6) 0.0000(5)
0.0136(8) 0.0020(2) 0.0084(1) 0.0014(3) 0.0029(8) —0.0003(4)
0.0108(7) 0.0022(2) 0.0165(4) —0.0012(3) 0.0018(8) 0.0025(5)
0.0048(5) 0.0071(5) 0.0260(1) 0.0013(4) —0.0039(8) 0.0000(8)
0.0054(5) 0.0056(4) 0.0229(8) —0.0010(3) —0.0030(8) 0.0018(7)
0.0048(5) 0.0051(4) 0.0368(6) 0.0024(3) —0.0040(9) —0.0068(8)
0.0046(4) 0.0041(3) 0.0265(1) —0.0011(3) —0.0038(7) 0.0024(6)
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982 67 Rochelle salt (NaKC4H4Og - 4H,0) family

Table 67A-1-006. NaKC,H,Oy - 4H,0. Fractional coordinates of atoms in phase III [96Shi]. 7= 253 K
and 153 K.

253 K 153K 253 K 153K
Na 0@3)
x 0.2316(2) 0.2322(2) X 0.2319(5) 0.2288(4)
y 0.9934(2) 0.9932(2) y 0.4051(3) 0.4061(3)
z 0.5214(4) 0.5159(3) z 0.8146(9) 0.8196(7)
K(1) 0#4)
X 0.0000 0.0000 X 0.0518(5) 0.0479(3)
y 0.0000 0.0000 y 0.3602(4) 0.3586(3)
z 0.0444(5) 0.0428(3) z 0.8462(10) 0.8488(7)
K(2) o(5)
X 0.0000 0.0000 X 0.1660(4) 0.1667(3)
y 0.5000 0.5000 y 0.3564(3) 0.3572(3)
z 0.1595(4) 0.1605(3) z 0.3226(9) 0.3233(7)
C() 0(6)
X 0.1547(6) 0.1548(4) X 0.2969(4) 0.2969(3)
y 0.1900(5) 0.1894(4) y 0.2491(4) 0.2495(3)
z 0.2855(13)  0.2832(9) Z 0.6278(9) 0.6323(7)
C(2) 0o(7)
X 0.1240(6) 0.1242(5) X 0.3961(4) 0.3964(3)
y 0.2739(5) 0.2737(4) y 0.0850(4) 0.0852(3)
z 0.4237(12)  0.4230(9) z 0.4828(9) 0.4859(7)
C(3) 0O(8)
x 0.1766(6) 0.1768(4) b 0.2422(6) 0.2369(4)
y 0.2622(5) 0.2630(4) y 0.0417(3) 0.0421(3)
z 0.6463(13) 0.6484(9) z 0.8878(8) 0.8806(6)
C@4) 09
x 0.1500(7) 0.1480(5) X 0.4380(5) 0.4404(3)
y 0.3502(6) 0.3499(4) y 0.3012(4) 0.3062(3)
z 0.7790(13)  0.7831(9) z 0.0370(10)  0.0323(7)
o(1) 0(10)
X 0.1199(4) 0.1202(3) X 0.4263(5) 0.4232(3)
y 0.1097(3) 0.1093(3) y 0.3943(4) 0.3911(3)
z 0.3503(9) 0.3489(7) z 0.4223(11)  0.4295(8)
0(2)
X 0.2102(5) 0.2126(3)
y 0.2039(4) 0.2045(3)

z 0.1184(9)  0.1182(6)
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Table 67A-1-007. NaKC,H,Og - 4H,0. Fractional coordinates and equivalent temperature parameters Uq
in phase Il [96Suz]. T'=273 K. Uy = (1/3)Zi%;U; aia; aia;. Uy is defined by Eq. (d) in Introduction.

x y z Uey [10% A%

Na(A)  0.2684(4)  0.4933(1)  04763(4)  223(15)
Na(B)  0.2322(4) 0.9932(2)  0.5200(5)  242(15)
K(1) 0 1.0009(1)  0.0460(3)  510(11)
K@)  0.00003) 0.5011(1) 0.15952)  286(7)

C(1A)  0.1544(6)  0.1880(4)  0.2825(11) 187(28)
C(1B)  0.3449(6)  0.6883(4)  0.7184(9)  180(27)
C(2A)  0.1252(6)  0.2741(4)  0.4218(10) 182(27)
C(2B)  03755(7)  0.7734(4)  0.5764(9)  191(28)
C(3A)  0.1787(6)  0.2639(4)  0.6416(9)  167(26)
C(3B)  0.3225(6) 0.7638(4)  0.3527(10) 182(28)
C(4A)  0.1538(7)  0.3516(4)  0.7764(8)  204(28)
C(4B)  03494(7)  0.8508(4)  0.2212(10) 236(31)
O(1A)  0.1202(5)  0.1087(3)  0.3498(9)  239(24)
O(IB)  0.3805(5) 0.6093(3) 0.6517(8)  213(22)
O(A)  02091(6) 0.2036(3) 0.1173(7)  265(25)
O(2B)  0.2894(6)  0.7028(3)  0.8801(8)  261(25)
O(A) 02353(6)  0.4049(3)  0.8122(9)  338(30)
O(3B)  02700(7)  0.9072(4)  0.1892(10) 368(31)
O(4A)  0.0549(6)  0.3628(4)  0.8445(9)  299(28)
O@4B)  0.4489(6)  0.8601(4)  0.1520(8)  301(28)
O(5A)  0.1617(7)  0.3574(3)  0.3217(10)  256(27)
O(5B)  0.3357(6)  0.8570(3)  0.6738(7)  222(23)
O(6A)  02957(6)  0.2484(4)  0.6212(9)  250(26)
O(6B)  0.2050(5)  0.7480(3)  0.3684(8)  239(25)
O(7TA)  0.3953(6)  0.0825(3)  0.4844(10) 286(28)
O(7B)  0.1052(6)  0.5830(4)  0.5177(11) 313(30)
O(8A)  0.2400(8)  0.0395(4)  0.8828(8)  432(36)
O(8B)  0.2555(8)  0.5418(4)  0.1121(10) 433(38)
O(9A)  0.4376(7)  0.3009(6)  0.0358(14) 519(47)
O(9B)  0.0625(7)  0.8047(6)  0.9628(12) 465(44)
O(10A) 0.4256(7)  0.3993(5)  0.4183(15) 502(43)
O(10B) 0.0777(6)  0.8932(5)  0.5698(12) 425(38)
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Table 67A-1-008. NaKC,H,O¢ - 4H,0. Relative displacements of atoms corresponding to polarization
reversal [96Suz]. T = 273 K. &x = a(xp + xg — 0.5), 8y = b(ya — yg + 0.5), 0z = c(zp + zg — 1.0) and
A = (&x*+ 8> + 829" In the paraelectric phase, &x = 8y = 8z = A = 0. As to A and B, see the caption of
Table 67A-1-005.

Sx [A] Sy [A] Sz [A] A[A]

Na 0.009(9) —0.001(4)  —-0.022(5)  0.024(20)
C(1)  —-0.007(14)  0.004(11)  0.005(12)  0.009(20)
C2)  0.010(15) -0.009(11) —0.011(11) 0.017(27)
C3)  0.014(14) -0.002(11) —0.034(11) 0.037(34)
C(4)  0.038(16) -0.011(11) -0.014(11) 0.042(42)
O(1)  0.008(11)  0.008(8)  0.010(10) 0.015(22)
0(2) -0.015(14) -0.012(8) —0.016(9)  0.025(30)
0(3)  0.063(15) 0.032(9)  0.009(11) 0.071(52)
0@)  0.046(14) —0.037(11) —0.021(10) 0.063(50)
0O(5) -0.029(15) -0.005(8)  —0.027(10)  0.040(39)
O(6)  0.008(13) -0.006(9) —0.064(10)  0.065(40)
O(7)  0.007(14)  0.007(9)  0.013(13) 0.016(26)
O(8) -0.052(19)  0.032(11) —0.031(11) 0.068(58)
09  0.001(16) 0.054(17) —0.007(16) 0.054(46)
O(10)  0.040(15) —0.086(14) —0.073(16) 0.120(77)

Table 67A-1-009. NaKC,H,O4 - 4H,0. Interatomic distances between oxygens in phase I (35 °C) and
III (64 °C) [57Maz]. A: difference between the distances at —64 °C and 35 °C.

Distances [A] A[A]

at—64°C at+35°C
O(1)-0O(10)  2.55 2.56 -0.01
0(3)-0(8) 2.71 2.72 -0.01
0(4)-0(9) 2.74 2.75 -0.01
0(6)-0(7) 2.74 2.76 -0.02
0(6)-0(10)  2.79 2.83 -0.04
0(2)-0(8) 2.80 2.82 -0.02
0(9)-0(10) 2.80 2.84 -0.04
0(4)-0(7) 2.94 2.98 -0.04
O(7)-0(8) 2.98 2.97 +0.01
O(5)-0(8) 3.11 3.10 +0.01

0(2)-0(9)  3.10 3.11 ~0.01
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 985

Table 67A-1-010. NaKC,4H,O; - 4H,0, NaKC4D,O5 - 4D,0. Curie-Weiss constants of several specimens
with different histories [86Shi]. Cand CP are the Curie-Weiss constants obtained in polar and nonpolar
phases, respectively. d: thickness of specimen.

Crystal &[K] f[Hz] CF[10°K] CP[10°K] -CP/C*
RS, cooling after 298.3 1000 -1.5 2.0 1.30
annealing in 1 -8.4 0.23
nonpolar phase. 0 -10.6 0.19
(d=4.72-10" m) 2554 1000 24 —-1.45 0.60
1 4.1 0.36
0 6.8 0.31
Deuterated RS, cooling 305.4 1000 —0.95 1.6 1.68
after annealing in 1 2.7 0.59
nonpolar phase. 0 -3.2 0.50
(d=2.36-10"m) 251.6 1000 0.80 -1.5 1.9
1 0.87 1.7
0 1.9 0.79
RS, after aging for over ~ 297.8 1000 -1.4 24 1.8
a year, and after aging 3 -1.6 1.6
for 7 days in polar phase. 0 -1.9 1.3
(d=4.1-10"m) 298.0 1000 -1.5 2.4 1.6
3 -1.6 1.5
0 -1.7 1.4

Table 67A-1-011. NaKC,H,O¢ - 4H,0, NaKC;D,O4 - 4D,0. Piezoelectric constants [66Bec].
Crystal diy  dhs di €14 €s €36 814 825 836 ha hys hye ke T Ref.

[102CNT"] [Cm?] [10° m*C'] [10°NC] [°C]

RS 770 +46 9.4 0 27Val
333 =55 11.8 RT 28Man
-56 13.1 39Mas2
2300 —56 11.8 25 50Mas
512 =54 12 298 —0.16 0.12 180 —660 140 23 -21 14 30,22 50Van

187 =54 12 1.65 -0.16 0.12 180 —660 140 23 -21 14 40, -28
345 54 12 34 64Ber
3.7 -0.16 0.11 50Mas
0.76 62Ber
deuterated 77 13 40Hol

RS 234 RT 40Hol
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Table 67A-1-012. NaKC,H,O¢ - 4H,0. Elastic constants [66Bec].

St S»n S Si2 S13 523 sﬁ sﬁ 5555 s5D5 sfé sg T Ref.
[10m’N™"] [°C]

52.30 34.30 32.40 -21.80 —-16.80 -13.3  96.3 337 118 39Hin
524 350 337 -154 98 9.1 74.6 350 312 104 102 20 47Hun
502 304 317 -11.6 -214 -89 820 333 106 49Sun
51.8 349 334 -153 -21.1 -103 172 360 102.7 30,22 50Mas
51.8 349 334 -153 -21.1 -103 1134 346 102 40,-28 50Van
51.8 349 334 -153 -21.1 -103 79.6 328 101 30,-22 39Mas2
51.8 349 334 -153 -21.1 -103 78.7 310 101 40,-28 39Mas2
52.0 36.8 359 -163 -11.6 -122 150.2 350.3 104.2 34 64Ber
ci1 Cxn 633 Cnp c13 €23 cr, okl CE o T Ref.
[10°N m™?] [°C]

347 473 80.6 -8.04 31.6 344 (16.4) (3.24) (12.4) 20 27Man
264 31.8 39.1 181 223 (3.04) (9.96) 39Mas2
255 381 37.1 14.1 11.6 14.6 134 286 321 9.60 9.79 20 47Hun
40.6 52.0 64.0 256 346 320 122 3.0 9.5 49Sun
258 38.0 375 140 112 3.14 9.97 RT 50Jon
28.0 414 394 174 150 19.7  6.66 2.85 9.60 34 64Ber

Table 67A-1-013. NaKC,H,O4 - 4H,0, NaKC,D,O4 - 4D,0, NaNH,C4H,0¢ - 4H,0. Optical indicatrix
parameters at 7= RT [§0Rom].

Crystal NaKC,H,Og - 4 H,O Deuterated Rochelle salt NaNH,C,H4O¢ - 4 H,O
A [nm] 680 490 300 680 490 300 680 490 300
n, 1.4916 1.5018 1.5389 1.4891 1.5002 1.5410 1.4940  1.5052 1.5456
n, 1.4883 1.4980 1.5346 1.4860 1.4968 1.5337 1.4954  1.5062 1.5440
n, 1.4864 1.4961 1.5327 1.4840 1.4950 1.5330 1.4917  1.5023 1.5409
d . _
% [10°nm™] 3 85 41 4 87 44 4 90 48

d
10 m™] 4 8 41 4 9.5 41 45 9.5 44

da

dn, -5 —1
H[IO nm ] 4 8 44 4 11 44 4 9 45.5
Optic sign Positive Positive Negative
Acute bisectrix X X zZ

Table 67A-1-014. NaKC4H,Oq - 4H,0. Electrooptic constants [1894Poc].

741 R A
[107%m V™" [nm]
2.0 -1.7 032 589
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 987

Table 67A-1-015. NaKC,4H,O4 - 4H,0. Piezooptic constants [69Nar]. A = 589 nm. See also [1894Poc].

pumn'] 5, (1072w N
P 0.35 H]l 3.1
P12 041 H]2 34
P13 0.42 H]_?, 32
P21 0.37 Hz] 5.4
P2 0.28 H22 0.76
P23 0.34 H23 2.1
P31 0.36 H31 5.0
P32 0.35 H32 2.9
P33 0.36 H33 1.6
y 2! —0.030 H44 -2.5
Dss 0.0046 H55 1.5
Pes —0.025 H66 -2.5
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Table 67A-1-016. NaKC,H,O - 4H,0. Frequency [cm™'] of phonon modes determined from Raman
spectra [88Bha]. sh: sharp, br: broad, vbr: very broad, sh: shoulder; vs: very strong, s: strong, m: medium,
w: weak, vw: very weak.

A B, B, Bs
Z(XX)Y Z(YNX zz2)x Z(XNX (X)X Z2(YOH)X
3522 3524 3522
br, w vbr, vw br, vw
3470 3470 3472 3468
br, m vbr, w vbr, w vbr, vw
3408 3404 3406 3408 3406 3408
br, s br, m vbr, m vbr, w vbr, m vbr, w
3262 3220 3264 3264 3294
vbr, s vbr, w vbr, w vbr, w vbr, m
2982 2982 2980 2982 2984 2984
sh, vs sh, s sh, s sh, w sh, s sh, vw
2938 2940 2936 2940 2940
sh, w sh, vs sh, vw sh, w sh, vw
1668 1664 1660
br, vw vbr, vw br, vw
1622 1623
br, vw br, w
1592 1594 1596 1596
br, w br, vw br, w br, vw
1436 1434 1432 1434 1436
sh, w sh, s sh, w ) sh, m
1412 1412 1414 1414 1410 1408
br, vw br, vw br, w br, w br, w br, vw
1384 1386 1384 1388
sh, vw sh, vs br, vw br, w
1347 1346 1346 1352 1348 1344
br, w ) br, m br, w br, s br, vw
1322
sh, w
1286 1288 1292 1288 1290
sh, vw sh, w sh, m sh, m sh, vw
1246 1244
sh, vw sh, vw
1213 1210 1213 1212 1208
sh, vw sh, m sh, w sh, w sh, w
1120 1112 1116 1120
sh, vw sh, s sh, w sh, vw
1072 1074 1071 1072 1070 1070
sh, m sh, m sh, vw sh, w sh, s sh, vw
990 990 992 992 992 992
sh, vs sh, w sh, vw sh, vw sh, vs sh, vw
920 920 920 922 920
sh, s sh, vw sh, vw sh, vw sh, vw
893 893 888 892 892 892
sh, s sh, s sh, s sh, w sh, vw sh, vw
849 846 848 850
sh, m sh, vw sh, vw sh, vw
812 810 814

sh, s sh, m sh, m
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 989

Table 67A-1-017. NaKC,H,Oy - 4H,0. Direction cosines of the proton-proton vectors of the water mole-
cules with respect to the crystallographic axes. See also [55Los, 69EIS]. (7), (8), (9) and (10) in the Ist
column are numbers of the water molecule as shown in Fig. 67A-1-006.

Direction cosines of p—p pairs

[70Kat] [67Bjo] Differences between
both directions

7) 0.52 0.61 ~7°
0.47 0.45
0.72 0.65

(8) 021 0.15 ~4°
0.97 0.98
0.14 0.15

9) 0.88 0.88 ~1°
0.34 0.34
0.34 0.33

(10)  0.39 0.55 ~11°
0.33 0.33
0.86 0.77

Table 67A-1-018. NaKC,H,0; - 4H,0, NaKC,D,0; - 4D,0. **Na quadrupole coupling constant e’qQ/h
and asymmetry parameter 77. (A), (B): monoclinic sublattices at 0 °C.

T RS Deuterated RS

[°C] ¢qO/h [MHz] 7 ¢qO/h [MHz] 71

+30 1.313(14) 0.809(21) 1.313(15) 0.800(30)
0(A) 1.2850(185) 0.872(22) 1.323(15) 0.803(30)
0B) 1.407(20) 0.675(29) 1.419(15) 0.639(30)

-40 1.395(15) 0.636(30)

-25 1.363(4) *) 0.737(4) *)

Ref. [66Mil] [66Mil] [64Bli] [64BIi]

*) [70Fit] *) [70Fit]

Table 67A-1-019. NaKC,H,Oq - 4H,0. Direction cosines of the principal axes (X Y Z) of an electric-field
gradient tensor of Na spectrum relative to the crystallographic axes (a b ¢) [66Mil]. (A), (B): monoclinic
sublattices at 0 °C.

—0.008 —0.801 0.599
—0.988 0.090 0.126

T Crystal axis Principal axes

[°C] X Y VA

30 a 0.178 0.574 0.799
b —0.021 —0.810 0.586
c —0.984 0.122 0.132

0A) a 0.208 0.559 0.803
b —0.068 —0.809 0.583
c -0.976 0.182 0.123

0B) a 0.157 0.592 0.791
b
¢
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Table 67A-1-020. NaKC,H,O; - 4H,0:Cu*". ESR data [71Vol].

Paramagnetic center Cu* (§=1/2)

g-factor 2.=2.041(5)
g, =2.094(5)
2,=2.326(2)

HFS[102m ] Ay =-39(4)
Ay=-21(4)
A,=-123(1)
0,=10

Table 67A-1-021. NaKC4H,O; - 4H,0. Spin Hamiltonian parameters g and 4 [-102 m™'] for VO** ions
[80Jai]. 7=300 K. &: the angle between the b and z axes. @: the angle between the ¢ axis and the projec-
tion of z on the ac plane.

Parameters  Site | Site IT Site 111 Site IV Powder
Jo 1.958(2) 1.959(2) 1.956(2) 1.947(3) 1.955
2x 1.979(2) 1.989(2) 1.996(3) - 1.984
gy 1.987(2) 1.992(2) - - -

A, 150.4(5) 148.5(5) 159.0(10) 162.0(20) 151.0
Ay 53.0(10) 37.8(10) 40.0(20) - 49.0
A, 42.0(10) 36.8(10) - - -

0 80(1)° 56(2)° - - -

1) 38(2)° —40(4)° - - -
Intensity 20 8 3 1 -
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Fig. 67A-1-001. NaKC,4H,Oq - 4H,0. Stable region for deliquescence and efflorescence [43Kaw]. Open circle, large
full circle: a virgin sample which has undergone eftlorescence or deliquescence. Small full circle, cross: a sample
which has not undergone any change. Small full circle: a virgin sample. Cross: a sample which has once undergone
efflorescence.
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Fig. 67A-1-002. NaKC,H,O; - 4H,0. 4 vs. T [49Miy]. 4: mass of Rochelle salt soluble in 100 cm® (= 107 m®) H,0.
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Fig. 67A-1-003. NaKC,H,0s - 4H,0. Crystal form of d-crystal [68Mar]. X || a, Y || b, Z || c.
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Fig. 67A-1-005. NaKC,H,O¢ - 4H,0. Projection of the structure on (001) [55Shi]. The hydrogen bond system.
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DK @M ol O 0ot O My

Fig. 67A-1-006. NaKC,H,O¢ - 4H,0. Projection of the structure on (001) [41Bee]. The oxygen atoms are numbered
from / to 10. Figures in parentheses are z coordinates of atoms (see Table 67A-1-002). The arrow heads on the bonds
are drawn in a direction from positive atoms to negative atoms. The structure determination was made at RT, but the
resolution was not enough to show the effect of the monoclinic symmetry.

&

.

Fig. 67A-1-007. NaKC,4H,O¢ - 4H,0. Structure of phase I [8§9Iwa]. View of the crystallographically independent
part of a unit cell. Hydrogen atoms (small spheres) are fixed at the positions obtained from the neutron study. Letter
"W" means water molecule. Anisotropic temperature parameters are illustrated.
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Fig. 67A-1-008. NaKC,H,O¢ - 4H,0. Structure of phase II [94Suz]. T =273 K. Projection along c¢. Hydrogen atoms
are omitted.

@ @)(93) )

0(108B)

0(7B)

0 K(1) b2
% @
Na T
®@ 003) @
0(8)

K(2)

a/2 Q& %

Fig. 67A-1-009. NaKC,H4O¢4 - 4H,0. Structure of phase III [96Shi]. Projection of the asymmetric unit along c.
T =153 K. Arrows show sense of the major atomic displacements from the positions at 7= 253 K.
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Fig. 67A-1-010. NaKC,H,O4 - 4H,0. Structure of phase III [98Shi]. Projection along c. Dashed lines show major
interactions. Arrows show sense of the major atomic displacements when temperature is increased to Gy ;.
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Fig. 67A-1-011. NaKC,H,Og - 4H,0. Schematic view of the unit cell in phase II viewed along ¢ [96Suz]. T=273 K.
Arrows indicate the direction of the displacement of atoms from the paraelectric positions.
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Fig. 67A-1-012. NaKC4H,O; - 4H,0. Interatomic distances [A] in the tartrate ion in the phases I, IT and IIT [60Krs].
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PhaseI(P) Phase I (F) PhaseIll (P)
Fig. 67A-1-013. NaKC,4H,O¢ - 4H,0. Bond angles in the tartrate ion in the phases I, II and III [60Krs].
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Fig. 67A-1-015. NaKC4H,O; - 4H,0. Interatomic distances [A] in the tartrate ion in phase II [72Shi].
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Fig. 67A-1-016. NaKC4H,O4 - 4H,0. d vs. T [98Shi]. d: interatomic distances of O(8)-O(2), O(8)-O(3) and
0O(10)-0(9).
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Fig. 67A-1-017. NaKC4H,O¢ - 4H,0. d vs. T in phase III [96Shi]. d: interatomic distances between K(1) and the
surrounding oxygens.
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Fig. 67A-1-018. NaKC,H,O4 - 4H,0. d vs. T in phase III [96Shi]. d: interatomic distances between K(2) and the
surrounding oxygens.
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32 1

Distance d [A]
w
T
—o+0- P-4
-
-
O i ——
———

200 300
Temperature T [K]
Fig. 67A-1-019. NaKC,H,Oq - 4H,0. d vs. T in phase II [96Shi]. d: interatomic distances between O(8) and K(1),
K(Q2).
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Fig. 67A-1-020. NaKC,H,Oy - 4H,0. ¢, B, y vs. T [98Shi]. &, B, y: direction cosines of C—~C—C—C plane of the tar-
trate molecule in the orthorhombic crystallographic system a, b, c.
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Fig. 67A-1-021. NaKC4H,O¢ - 4H,0. q, b, ¢ vs. T [81Bro]. a, b, c: unit cell parameters.
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Fig. 67A-1-022. NaKC4H,Og - 4H,0. 11, I, I3 vs. T [76Ima). [y, I, I5: thermal dilatation along the a, b, ¢ axes.
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Fig. 67A-1-023. NaKC,H,O4 - 4H,0. o1, 0y, 033 vs. T [76lma]. oy}, 0r,, 043: linear thermal expansion coefficients.
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Fig. 67A-1-024. NaKC4H,Og - 4H,0. o1, 0, 033 vs. T [81Bro]. ¢y, 0, 033: linear thermal expansion coefficients.
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p: density.
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Fig. 67A-1-025. NaKC,H,0; - 4H,0. pvs. T [50Jon].
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Fig. 67A-1-026. NaKC4H4O6 . 4H20, NaKC4H2D206
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Fig. 67A-1-027. NaKC,H,O5 - 4H,0. Ky, K3 vs. T [68For]. Relative humidity: 12 %.
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-4D,0. &\ vs. T [39Hab)].
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Fig. 67A-1-028. NaKC,H,0; - 4H,0, NaKC,H,D,0; - 4D,0. K vs. T [39Hab].
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Fig. 67A-1-029. NaKC,H,0; - 4H,0, NaKC,H,D,05 - 4D,0. ks vs. T [39Hab].
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Fig. 67A-1-030. NaKC,H,O¢ - 4H,0. 1/ k7, vs. T [86Shi]. Parameter: /. & : static dielectric constant obtained from

the Cole-Cole dispersion equation.
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Fig. 67A-1-031. NaKC,D,O¢ - 4D,0. 1/ &7, vs. T [86Shi]. Parameter: f. K'Z : static dielectric constant obtained from
the Cole-Cole dispersion equation.
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Fig. 67A-1-032. NaKC,H,O4 - 4H,0. x|, vs. T [68San]. Parameter: f.
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Fig. 67A-1-033. NaKC,H,O4 - 4H,0. x|} vs. T [68San]. Parameter: f.
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Fig. 67A-1-034. NaKC,D,O¢ - 4D,0. &/, vs. T [79Hor]. Parameter: f.
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Fig. 67A-1-035. NaKC4D,O - 4D,0. «7/ vs. T [79Hor]. Parameter: f.
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Fig. 67A-1-036. NaKC4H,O4 - 4H,0. &7, k7' vs. v [86Vol]. Parameter: 7. Solid line: calculated value of single-
oscillator model.
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Fig. 67A-1-037. NaKC,D4O¢ - 4D,0. &7, vs. T [82Vol]. Parameter: v. The arrow indicates Gy y.
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Fig. 67A-1-038. NaKC,D,O¢ - 4D,0. &7/ vs. T [82Vol]. Parameter: v. The arrow indicates Oy .
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Fig. 67A-1-039. NaKC,H,D,04 - 4D,0. &/, vs. v[86Vol]. Parameter: T.
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Fig. 67A-1-040. NaKC4H,D,0 - 4D,0. k7 vs. v [86Vol]. Parameter: 7.
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Fig. 67A-1-041. NaKC,H,O¢4 - 4H,0. O vs. p [65Sam]. Full circles are data given by [38Ban]. Different symbols
represent results of different runs.
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Fig. 67A-1-042. NaKC,H,0Oq - 4H,0, NaKC4H,D,05 - 4D,0. @vs. p [68Sam]. Full line: deuterated salt. Broken line:
undeuterated salt.
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Fig. 67A-1-043. NaKC,H,O; - 4H,0, NaKC,H,D,0¢ - 4D,0. P, vs. T [39Hab].
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Fig. 67A-1-044. NaKC,H,0; - 4H,0, NaKC,H,D,0 - 4D,0. E, vs. T [39Hab].
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Fig. 67A-1-045. NaKC,H,O4 - 4H,0. AT, P, vs. E| [63Wis]. AT: electrocaloric temperature change. Py, E;: compo-

nent of P, E.

Landolt-Bérnstein
New Series I11/36C



67 Rochelle salt (NaKC4H4Og - 4H,0) family 1011

1000
3
Kmol oo
1 750
&S 500 p‘j
NWJMMM
250 2

0 50 0 150 200 250 300 K 350
7

Fig. 67A-1-046. NaKC,H,O; - 4H,0. C, vs. T [38Hic].
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Fig. 67A-1-047. NaKC4H,Oq - 4H,0. C, vs. T in the vicinity of Gy [78Tat].
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Fig. 67A-1-048. NaKC,H,O; - 4H,0. C,, vs. T'in the vicinity of & [78Tat].

—_

&

Landolt-Bérnstein
New Series I11/36C



1012 67 Rochelle salt (NaKC4H4Og - 4H,0) family
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Fig. 67A-1-049. NaKC4H,Og - 4H,0. A vs. T [72Sch]. A: thermal conductivity. o= 45° and or= 135° give two direc-
tions perpendicular to the a axis.
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Fig. 67A-1-050. NaKC4H,Og - 4H,0. gip, dip, VS. Epies at 17 °C [61Sch]. See also [60Fot].
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Fig. 67A-1-051. NaKC,H,Og - 4H,0. dy4, €14 vs. T [39Masl].
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Fig. 67A-1-052. NaKC,H,D,0¢ - 4D,0. d\4, €14, hy4 vs. T [40Hol].
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Fig. 67A-1-053. NaKC,H,04 - 4H,0. Debye circle for d,, in the complex plane (dy4 = d;, — jd|;) [72Mus].
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Fig. 67A-1-054. NaKC,H,O¢ - 4H,0. gj vs. T [76Sch]. Strain is measured by capacitive dilatometric method. The
curves 1, 2 show g* = g4 + (g2 + g13), 3 shows g1, = (g"+ g)/2. See also [67Unr, 56Mus].
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Fig. 67A-1-055. NaKC4H4O6 . 4H20 h14 vs. T [39Masl]
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Fig. 67A-1-056. NaKC,H,04 - 4H,0. g1, 212 €13 vs. T [61Sch]. Eyigs =5 - 10°V m™.
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Fig. 67A-1-057. NaKC4H,O¢ - 4H,0. d}4/ I(,Tl vs. T'[47Kaw1]. Parameter: humidity. See also [49Kaw].
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Fig. 67A-1-058. NaKC,4H,O4 - 4H,0. Kls ki, vs. T [39Masl]. ki, : electromechanical coupling factor of a 45°
X-cut bar (| [011]), namely (k,)* = (d},)* / &)\ (s3,)", d}y= dia/2, (55,)" = (522 533+ 2505+ 543) /4.
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Fig. 67A-1-059. NaKC,H,D,05 - 4D,0. (s55,)” , ki,, Klsl vs. T [40Hol]. See the caption of Fig. 67A-1-058.
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Fig. 67A-1-060. NaKC,H,Oq - 4H,0. ky4 vs. T [63Kru]. Parameter: %Co irradiation level. 1Ir=2.58 - 10*C kg’].
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Fig. 67A-1-061. NaKC4H,Og - 4H,0. -0y, Oy1, Q31 vs. T [61Sch]. Oy1, 0s1, O31: electrostrictive constants. See also

[67Unr].
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Fig. 67A-1-062. NaKC4H,Og - 4H,0. Oy, vs. T [61Sch]. Oy: volume electrostrictive constant.
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Fig. 67A-1-063. NaKC4H,O¢ - 4H,0. Deformation vs. V' [39Hin]. Parameter: 7. One division of the deformation
corresponds to an elongation of 3.6 - 10 m m™' along [011], and 1 V corresponds to £=15.7 - 10>V m™" along [100].

5
0 0
NmZ

4 2Tt — |

33

n

C}\p

Cr
1%%]
T

, lss
0 -0 40 -0 2 0 0 W 20 0 TH

J—

Fig. 67A-1-064. NaKC,H,0; - 4H,0. ¢y, vs. T [50Jon].
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Fig. 67A-1-065. NaKC4H,04 - 4H,0. cb, ¢k, vs. T [64Ber].
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Fig. 67A-1-066. NaKC,H,O; - 4H,0. cﬁ, cf; vs. T[63Kru]. Parameter: *°Co irradiation level. 1r=2.58 - 10*C kg™".
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Fig. 67A-1-067. NaKC4H;,D,04 - 4D,0. fr/, fal, fRDl vs. T [40Hol]. fr/, fal, fRDl : frequency constant of a 45° X-cut
bar. fx, fa: resonant, antiresonant frequency of a plated crystal, fr/ = [p (522 + 533+ 2533+ sﬁ) /41712, fRD : resonant

frequency of an unplated crystal, fRDl =[p(san+ 533+ 28503+ sﬁ) /41712, I length, p: density.
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Fig. 67A-1-068. NaKC,H,O4 - 4H,0. dvs. T [63Shi]. Parameter: applied electric field £} along [100]. J: logarithmic
decrement of a 45° X-cut bar.
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Fig. 67A-1-069. NaKC,H,O¢ - 4H,0. v vs. T'[76Kaw]. v: ultrasonic velocity of longitudinal wave propagating along
the a axis. f= 15 MHz. Open circles: warming run at Ey;,s = 0. Full triangles: cooling run at Ey;,s = 0. Open triangles:
warming run at Ep, = 18 - 10° V m™. Full circles: cooling run at 18 - 10* V m™'. Crosses: warming run at
1-10°V m™. Open squares: cooling run at 1 - 10°V m™". Full squares: warming run for the poled crystal.

Landolt-Bérnstein
New Series I11/36C



1020 67 Rochelle salt (NaKC4H4Og - 4H,0) family

1[%? % b 4.332
dBm? = ';?34
22 424
20 K 420
18 Q%k (/ 416
I 16 ﬁ%% A 4412
14 =408 l
8 i {
12 % 3}%(2 404 >
10 % k‘ =400
8 3 439
6 i A, 392
N
4 D 388
% %&\ \\
2 N 384
0 @“"KMX \ i R 380
0 1 2 3 4 5 6 7°8
AT

Fig. 67A-1-070. NaKC,H,O¢ - 4H,0. ¢, v vs. AT [77Kaw]. «: anomalous part of the attenuation of ultrasonic quasi-
longitudinal wave propagated along the 45° direction in a 45° X-cut crystal. Crosses: 7 MHz. Full circles: 21 MHz.
Open triangle: 35 MHz. Open circles: 49 MHz. Full triangles: v, velocity for 21 MHz. AT=T— Gy ;.
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Fig. 67A-1-071. NaKC4H,Og * 4H,0. cp4+ ¢34 vs. T [76Sai]. Open circles: czb; + C3E4. Full circles: cﬁ + cﬁ.
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Fig. 67A-1-072. NaKC4H,Og - 4H,0. ¢y, vs. T [74Sak]. Values are obtained by measuring frequencies of piezoelec-
tric lines in NQR.
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Fig. 67A-1-073. NaKC,H,O¢ - 4H,0. n vs. T [76Rom]. a (open circle): 4 = 500 nm (left-hand scale). b (full circle):
A=300 nm (right-hand scale). Curves I: n,, 2: ny, 3: n,.
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Fig. 67A-1-074. NaKC4D,O - 4D;0. n,, ny, n. vs. T [80Rom]. A= 500 nm.
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Fig. 67A-1-075. NaKC,H,Oy - 4H,0. AV vs. T [66]va]. AV: change in V. 2V optical axial angle. 4= 558 nm.
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Fig. 67A-1-076. NaKC,H,Oq - 4H,0. An vs. T'[70Lom].
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Fig. 67A-1-077. NaKC,H,O¢ - 4H,0. a vs. A [81Leo]. ¢ optical absorption coefficient.
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Fig. 67A-1-078. NaKC,H,O4 - 4H,0. r4; vs. T [66Ani]. Parameter: applied field E; along [100]. A= 546 nm.
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Fig. 67A-1-079. NaKC,H,04 - 4H,0. ps vs. T [67Ani]. ps = p1,— (n/no) ps1.
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Fig. 67A-1-080. NaKC4H406 . 4H20 Mz, M3 vs. T [67Am] M2 = Mll — (nb/na)3M21, M3 = M11 - (l’lc/l’la)3M31.
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Fig. 67A-1-081. NaKC,H,0; - 4H,0. 8(n, — n3)/A vs. E; [35Muel].
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Fig. 67A-1-082. NaKC,H,O4 - 4H,0. 8(n, — n)/A vs. E| [35Mue]. Parameter: 7. 0 °C < T<23.5 °C.
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Fig. 67A-1-083. NaKC,H,0; - 4H,0. 8(n, — n,)/A vs. E; [35Mue]. Parameter: T. 23.5 °C < T<40.5 °C.
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Fig. 67A-1-084. NaKC,H,O4 - 4H,0. 8(n, — n.)/A vs. E| [35Mue]. Parameter: T.
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Fig. 67A-1-085. NaKC,H,O¢ - 4H,0, NaKC,H,D,0¢ - 4D,0. p vs. 1[83Kor]. p: optical rotatory power.
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Fig. 67A-1-086. NaKC,H,O4 - 4H,0. I vs. Av [80Win]. Av: Raman shift of A-symmetry mode. Parameter: 7. The
peak with asterisk * shows a temperature dependence in the ferroelectric phase.
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Fig. 67A-1-087. NaKC,H,O4 - 4H,0. [ vs. Av [88Bha]. I: Raman scattering intensity. Av: Raman shift. Parameter:
scattering geometry.
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Fig. 67A-1-088. NaKC4H,O¢ - 4H,0. Av, I'vs. T — Gy and T — G [75Sai]. Av: frequency shift of Brillouin
scattering. 7/ full width at half maximum of spectral line. Quasi-longitudinal [011] phonon. Scattering angle
6=10.2°.
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Fig. 67A-1-089. NaKC,H,O¢ - 4H,;0. o, vs. 1/T [62Gur]. Three electrode method with shielding electrode. Applied
field: 60 kV m™".
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Fig. 67A-1-090. NaKC4H O - 4H,O. Surface resistivity p; of (001) face along [100] as functions of H and T
[47Kaw?2]. H: relative humidity. Applied electric field: =700 V m ™. In the hatched area no stable crystal exists.
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Fig. 67A-1-091. NaKC,H,Oq - 4H,0. (log T} + 3) vs. 1/T [66Bli]. Parameter: /. T;: spin-lattice relaxation time [s] of
proton.
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Fig. 67A-1-092. NaKC,H,O; - 4H,0 (a), NaKC,H,D,04 - 4D,0 (b). T}, T vs. 1/T [69Blil]. vi.: Larmor frequency.
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Fig. 67A-1-093. NaKC,H,D,04 - 4D,0. 1/T} vs. T [69BIli2]. T}: deuteron spin-lattice relaxation time. Open circle:
D,0 on C site. Full circle: D,O on A and B sites.
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Fig. 67A-1-094. NaKC,H,0; - 4H,0. vvs. T[66Mil]. v: satellite frequency of one >*Na NMR.
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Fig. 67A-1-095. NaKC4H,Oy - 4H,0. vvs. T[690ja]. v: frequency of **Na NMR satellite line. See also [70Fit].
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Fig. 67A-1-096. NaKC4H,D,0¢ - 4D,0. v — v vs. T [64Bli]. v — v: second order quadrupole shift of BNa. Direc-

tion of magnetic field H: ¢ L H, <(b, H) = 278°. v: Larmor frequency.
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Fig. 67A-1-097. NaKC,H,Oq - 4H,0. Avvs. T, [80Kaw]. Av: Na NMR satellite splitting. Open circle: 300 K; full
circle: 296 K. v =9. 573 MHz.
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Fig. 67A-1-098. NaKC,H,O, - 4H,0. &H vs. T [71Vol]. &H: shift of Cu*" ESR field under £ = 10° V m ™' along
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Fig. 67A-1-099. NaKC,H,O4 - 4H,0. I 9s0), Ps2 vs. T[67Shi]. [os0): (050) integrated intensity.
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Fig. 67A-1-101. NaKC4H2D206 . 4D20 1(050) /1(060) VS. [63B0u] [(050), 1(060): integrated intensities at RT. # time of
v irradiation at 77 K.

Fig. 67A-1-102. NaKC,H,0O¢ - 4H,0. Example of complicated domain structure observed with polarization micro-
scope [S3Mit].
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Fig. 67A-1-103. NaKC,H,O¢ - 4H,0. Schematic representation of domain structures [85Ume].
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Fig. 67A-1-104. NaKC4H,Og - 4H50. jax Vs. E [S8Wie]. jina: maximum switching current density. Pulse method.
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Fig. 67A-1-105. NaKC,H,Og - 4H,0. 1/¢, vs. E [S8Wie]. #;: switching time. Pulse method.
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4H,0. ¢ vs. E [58Wie]. Parameter: 7. ¢: rotation angle of optical indicatrix.
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No. 67A-2 NaNH4CsH4O¢ - 4H,0, Sodium ammonium tartrate tetrahydrate

(Ammonium Rochelle salt, ARS)
(M=261.16; [D: 277.26])

la Dielectric anomaly was observed by Jona et al. in 1953, and polarization reversal by 53Jon
mechnical stress was observed by Takagi et al. in 1958. 58Tak
b phase I I 58Tak
state (F) P
crystal system monoclinic orthorhombic
space group P2, —C% P2,2,2 fD%
O[K] 109
P || [010]; Ps can be reversed only by mechanical stress. 58Tak
p=1587-10kgm". 33Blo
Transparent, colorless. Deliquescent. 58Mak
2a Crystal growth: cooling or evaporation method from aqueous solution.
3a Unit cell parameters: a = 12.206(7) A, b = 14.451(6) A, c = 6.250(4) A at 294 K. 96Suz
b Z=4. 96Suz

Crystal structure: Fig. 67A-2-001.

See also Table 67B-1-001, Table 67B-1-004, Table 67B-1-006, Table 67B-1-007 in

No. 67B-1.

Superlattice structure: X-ray superlattice reflections due to 2a appear in phase II. 71Saw

Spontaneous strain: Fig. 67A-2-002.

S5a

Dielectric constant: Fig. 67A-2-003, Fig. 67A-2-004, Fig. 67A-2-005.
Spontaneous polarization: P,=2.1-107 C m* at 92 K. 58Tak
Coercive stress for polarization reversal: 75 =5 - 10° N m > at 92 K. 58Tak

See Fig. 67A-2-009 in subsection 7c.
Pyroelectricity: Fig. 67A-2-006.

7a

Piezoelectricity: Table 67A-2-001; Fig. 67A-2-007, Fig. 67A-2-008.
Nonlinear electromechanical properties: Fig. 67A-2-009.

8a

Elastic compliance and stiffness: Table 67A-2-002; Fig. 67A-2-010; see also
Fig. 67B-1-035 in No. 67B-1.

9a

Refractive indices: n,=n.=1.4953, ng=n, = 1.4985, n,= n, = 1.4496, 27" =119° 20

at 20 °C for NaD line; 1894Lav
see also Table 67A-1-013 in No. 67A-1.

Temperature dependence of refractive indices: Fig. 67A-2-011, Fig. 67A-2-012.

Birefringence: Fig. 67A-2-013, Fig. 67A-2-014.

Piezooptic constant (4= 589.0 nm, 7= RT). 82Sha
Strain-optical, p;; =-0.48, p1, =-0.61, p;3 =—0.68, py; =-0.55, p,, =-0.76,

P23 = —0.83,[73] = —0.44,]732 = —0.57,]733 = —0.71,p44 = 00077,[755 = 0013,

Pss =—0.0026.

Stress-optical [-10™"2 m? N, 77, =—0.320, [T, =—5.32, IT;; = —7.14, Ik, =—1.39,

Ih,=-7.83, Ib;=-9.30, [, =-0.90, IL,=-4.05, [;=-9.73, I1,4,=0.73, I;s=4.42,

Tl =—-0.30.

Landolt-Bérnstein
New Series I11/36C
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d Rotatory power: p=1.55(15) - 10° °m™ for 1=589.3 nm. 30Ast

13a NMR: Table 67A-2-003, Table 67A-2-004; Fig. 67A-2-015, Fig. 67A-2-016.
b ESR: Table 67A-2-005.

14a Bragg reflections due to structural modulation: Fig. 67A-2-017, Fig. 67A-2-018.

15a Domain structure: Fig. 67A-2-019, Fig. 67A-2-020.
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67 Rochelle salt (NaKC4H4Og - 4H,0) family 1041

Table 67A-2-001. NaNH,C4H,O¢ - 4H,0. Piczoelectric strain constants and piezoelectric stress constants

[66Bec].

dig dhs dse €14 €5 €36 T Ref.
[102CN] [Cm?] [°C]
18.7 —49.8 9.4 28Man
£19.0 +31.7 103 25  50Mas
0212 0.137 -0.080 20  28Man

Table 67A-2-002. NaNH,C,H,Oq - 4H,0. Elastic constants [66Bec].

Si1 522 533 S12 S13 523 S44 Ss5 Se6 T Ref.
[1072 m* N [°C]

53.7 38.4 373 -8.7 -343 -5.0 874 360 118 28Man
57.0 38.5 40 -155 22 -15.5 94.5 330 115 25 50Mas
C11 C2n C33 C12 C13 €23 Ca4 Css Co6 T Ref.
[10°Nm7?] [°C]

53.1 34.1 77.8 18.7 51.3 21.6 11.8 29 8.8 28Man

Table 67A-2-003. NaND4C4H2D206 .
deuteron electric field gradient tensors [76EIS].

4D,0. Eigenvalues [kHz] and transformation matrices of NDj

P (1) Pyy (2) ¢ (3)
297K -2.5 -2.8 53
(Volkoff's method) 1 90 90 0
2 108 18 90
3 18 72 90
297K -2.5 -2.9 54
(El Saffar's method) 1 90 90 0
2 107 17 90
3 17 73 90
224 K 2.7 -3.2 5.9
173 K 2.8 -33 6.1
122K Ferroelectric transition
113K 1 -1.2 -3.4 4.7
2 109 36 119
3 119 72 34
35 60 74
93 K -1.3 -3.6 4.9
77K -0.7 -3.6 43
1 101 11 89
2 110 94 21
3 23 81 70
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Table 67A-2-004. NaND,C,H,D,04 - 4D,0. Eigenvalues [kHz] and transformation matrices of D,0O
deuteron electric field gradient tensors [76EIS].

Site be(1) By(2) $.(3)

o -7 ~104 111
1 0279 0.958 ~0.065
2 0.900 0.286 0.329
30337 -0.035 0.941
B -35 ~100 135
1 0074 0.956 -0.284
2 0.689 0.153 0.700
300712 -0.250 ~0.656
¥ -2 -108 110
1 0761 -0.558 0.330
2 0312 0.764 0.564
3 —0.567 -0.328 0.755
B -9 -105 114
1 —0219 0.168 0.961
2 -0.155 0.984 -0.092
300945 0.184 0271

Table 67A-2-005. NaNH,C,H,O¢ - 4H,0. Spin Hamiltonian parameters of Cu*" at RT [72Suz]. 4;, 4,, A3
in[-102m™"].

81 &2 &3 A4, A4, A
ARS  2.064 2.095 2316 587 283 128
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Fig. 67A-2-001. NaNH,C,H,O¢ - 4H,0. Structure of phase I viewed along ¢ [96Suz].
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Fig. 67A-2-002. NaNH,C4H,O¢ - 4H,0. x, vs. T derived from angle of splitting of (001) Bragg reflection [96Kik].
X spontaneous strain.
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Fig. 67A-2-003. NaNH,C,H,O¢ - 4H,0. &, 3, &, vs. T'[53Jon].
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Fig. 67A-2-004. NaND,C4H,D,04 - 4D,0. &, &3, k. vs. T [84Fil].
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Fig. 67A-2-006. NaNH,C,H,Op - 4H,0. Qpyyo vs. T [58Tak]. Qpyro: pyroelectric charge along b axis.
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Fig. 67A-2-007. NaNH,C,H,0; - 4H,0. | dy| vs. T [59Mak].
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Fig. 67A-2-008. NaNH,C4H,O¢ - 4H,0. dys vs. T [77Gla].
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Fig. 67A-2-009. NaNH,C4H,O¢ - 4H,0. P, vs. T [58Tak]. P,: polarization along [010]. 7: uniaxial pressure along

[101].
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Fig. 67A-2-010. NaNH,C,H,0; - 4H,0. s vs. T[77Gla].
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Fig. 67A-2-011. NaNH,C,4H,O¢ - 4H,0. n,, ny, n. vs. T [80Rom]. A= 500 nm.
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Fig. 67A-2-012. NaNH,C,H,O; - 4H,0. n,, ny, n. vs. T [83Gab]. 1= 500 nm.
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Fig. 67A-2-013. NaNH,C,H,O¢ - 4H,0. An,, Any, An,. vs. T [83Gab]. A= 700 nm.
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Fig. 67A-2-014. NaNH,C,H,O; - 4H,0. An, vs. Aat 4.2 K [83Gab]. An, = n, — ..
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Fig. 67A-2-015. NaNH,C;H4O5 - 4H,0. T, T, vs. T [76Mor]. T): proton spin-lattice relaxation time. T},: proton

spin-lattice relaxation time in rotating frame. Full circle: T at 10 MHz. Open circle: T, at H; = 1.4 - 10°A m™. Open
triangle: Ty, at H, = 0.72 - 10° A m™". H: amplitude of the radio frequency magnetic field.
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observed in phase II [97Kik].
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No. 67A-3 NaRbC4H4O¢ - 4H,0, Sodium rubidium tartrate tetrahydrate
(M = 328.59)

la Dielectric properties were studied by Jona et al. in 1953 and no anomalies were found. ~ 53Jon

b Crystal system: orthorhombic. Space group: P2,2,2 —Dg. 57Meg
3a Unit cell parameters: a = 12.05 A, b =14.40 A, c=6.21 A at RT. 41Bee
5a Dielectric constant at /= 10 kHz: 53Jon

T[K] 4.2 88 298 333

K, 6.8 7.3 9.7 11.2
K 5.8 6.0 7.6 8.4
K. 53 5.6 8.3 13.7
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