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Of the compounds A,MnCl,(A = Rb,Cs), it is known that they crystallize in the K,NiF, struc-
ture. We have investigated a number of compounds A;MnX,_. X, with A = NH,,Rb,C;, X =Cl,
X’=Br,l and x =0, 1, 2. By means of X-ray powder diflraction it is determined, that these com-
pounds also have the K,NiF, structure. The X’ ions occupy special sites in the crystal lattice.
The unit cell parameters of all compounds prepared are given.

Susceptibility data are obtained for RboMnCl, and CsMnCl,. The susceptibility is interpreted
on the basis of the two dimensional antiferromagnetic Heisenberg model. The intralayer exchange
constant is J/k = —6.2'K and 5.0 K for Rb,MnCl, and Cs;MnCl,, respectively.

I. Introduction

As part of a research program on A,BX,
compounds in the chemical system AX-BX,
(A =K, Rb, NH,, TIl, Cs; B=Mn, Fe, Co,
Ni, Cu; X = Cl, Br), we have investigated the
case B =Mn. This case is particularly inter-
esting, since it is known that the compounds
Rb,MnCl, (/) and Cs,MnCl, (2, 3) have the
tetragonal K,NiF, structure (Fig. 1) so that
these compounds may exhibit two-dimensional
(2D) magnetic behaviour.

As can be seen in Fig. | the metal layers are
separated by 2 nonmagnetic layers. In the
layers the superexchange interaction between
nearest magnetic neighbours occurs via |1
intervening nonmagnetic ligand, whereas the
interaction between metal ions in adjacent
metal layers occurs via at least 2 nonmagnetic
ligands. Using as a rule of thumb that each
additional intervening nonmagnetic ligand
reduces the magnetic interaction by about a
factor 10%, it is obvious that the interaction
J' between the layers (interlayer interaction)
is much smaller than the interaction J in the
layers (intralayer interaction). In good approx-
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imation one can speak, therefore, of 2D
magnetic systems in connection with com-
pounds having the K,NiF, structure.

FiG. 1. Illustration of the K,NiF, structure.
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By means of neutron diffraction experi-
ments, Epstein et al. (4, 5) have determined the
magnetic structure of Rb,MnCl, and Cs,
MnC]l, (below the antiferromagnetic transition
temperature Ty =57°K and 52°K for Rb,
MnCl, and Cs,MnCl,, respectively, the spins
are aligned along the c-axis) and have con-
firmed indeed the 2D magnetic behavior of
these compounds. In this paper we describe
the magnetic susceptibility in the temperature
region 2-250°K of polycrystalline samples
of Rb,MnCl, and Cs,MnCl, and we shall see
that the susceptibility behavior agrees with
the prediction of the 2D Heisenberg model.

Besides these two compounds we have also
prepared several compounds of the type
A,MnX,_ X (A=NH,, Rb, Cs; X=Cl;
X' =Br, I: x=1, 2). On basis of theoretical
considerations it is expected that they also
possess the K,NiF, structure and that they
will show an ordering between Cl~ and Br~
ions on special sites in the structure.

The anions in the K,NiF, structure are
distributed over 2 crystallographic positions.
If in A,BX, halides with the K,NiF, structure
the anions are partly replaced by larger, and
thus more polarizable, halogen ions, it is
expected that these larger anions prefer the
sites denoted by 1 and 2 in Fig. 1. The anions
in these positions are coodinated by 5 A
ions and 1 B ion, whereas the anions in sites
3 and 4 (Fig. 1) are coordinated by 4 A and 2
B ions. The linear configuration A*-X-B>*
of the former anion coordination is more
favorable for more polarizable anions than
the linear configuration B2*-X-B2* of the
latter anion coordination (sites denoted by
3and 4).

In A,BX,X, halides having the K,NiF,
structure, where the X' halogen ion is larger
and more polarizable than the X ion, one
expects, therefore, that the equal abundance of
X and X’ ions gives rise to a new kind of octa-
hedra (BX,X;,), in which the X ions lie within
the equatorial plane of the octahedron (sites
3 and 4) and the X’ ions occupy the sites above
and beneath this plane (1 and 2).

For the same reason one expects two possi-
bilities for A,BX;X’ halides: a structure con-
taining (BX,) octahedra along with an equal
number of (BX,X’,) octahedra, and another
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structure having exclusively (BX;X") octa-
hedra. ESR measurements on Mn?*-doped
Rb,MgCl,, Rb,MgCl;Br and Rb,MgCl,Br,,
which compounds also possess the K,NiF,
structure (6) have confirmed our expectations
about the ordering of the X and X' ions for
the case X = Cl, X’ = Br. From the ESR mea-
surements it was also deduced that in Rb,
MgCl;Br no (MgCl;Br) octahedra occur,
but that only (MgClg) and (MgCl,Br,)
species are present. It is reasonable to assume
that in the other A,BX,_.X. compounds
with the K,NiF, structure this will also be the
case. For the compounds Rb,CuCl,_,Br,
(x=0, 1, 2), that have a deformed K,NiF,
structure ((NH,),CuCl, structure (7)), the
occupation of sites | and 2 by Br~ ions is
proved by structural (§) and magnetic in-
vestigations (9).

In Section II of this paper the preparation
and characterization of the compounds
A,MnX,_. X (A =NH,, Rb, Cs; X'=Br, I;
x=0, 1, 2) is described. Although X-ray
diffraction patterns of most of the compounds
did not show reflections due to impurities,
susceptibility measurements revealed the pre-
sence of paramagnetic impurities in all sam-
ples. Only for Rb,MnCl, and Cs,MnCl, was
the amount of the impurities small enough to
be able to correct for the influence of the
impurities on the susceptibility behavior,
so that only for these two compounds the
susceptibility is described and interpreted.

II. Experimental Equipment and Preparation
and Characterization of the Compounds
A,MoX,_ X' (A=NH,, Rb, Cs; X=Cl;
X =Br,I1;x=0,1,2)

Most of the compounds described below
were prepared by melting stoichiometric
amounts of the commercial products ACI,
ABr and Al (A = alkali ion) and MnCl, for
1 or 2 days at 600°C in an evacuated and sealed
silica tube and annealing afterwards at
temperature of 300-400°C for about 2 weeks.
MnCl, was obtained by dehydrating com-
mercial MnCl,-4H,0 at 350°C for 4 hr in
a stream of dry HCI gas.

In this way we prepared in the first instance
Rb,MnCl, and Cs,MnCl, which compounds
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are known to crystallize in the K,NiF,
structure (I, 3). Due to the incongruent
melting point of Rb,MnCl, (at 460°C) the
reaction product contained small amounts of
Rb3;Mn,Cl; and RbCl. Therefore, the reaction
product was powdered again and annealed
for a few weeks at about 350°C. After this
treatment no impurities could be detected in
the sample by means of X-ray diffraction.

However, susceptibility measurements on
several samples of Rb,MnCl, and Cs,MnCl,
revealed that paramagnetic impurities were
still present, probably due to impurities in the
starting compound MnCl,. Especially in
the low-temperature region (2-100°K), the
susceptibility curve was influenced too much
by these impurities. Therefore, we tried to
obtain purer samples by means of another
preparation method, using the hydrated
compounds.

A precipitate of Rb,MnCl,-2H,0 was
obtained by dissolving MnCO; and RbCl
intheratio 1:2inan HCl solution. Cs,MnCl,-
2H,0 could be prepared best by slow evapor-
ation of an aqueous solution of MnCl,-
4H,0 and CsCl in the ratio 3:1. With differ-
ential thermal analysis of these compounds it
was determined that dehydration started at
about 80°C. By heating the hydrated com-
pounds for several days at about 150°C in an
Ar atmosphere, samples of Rb,MnCl, and
Cs,MnCl, were obtained that were purer
from a magnetic point of view than the samples
prepared from the melt.

We tried to prepare the compound (NH,),
MnCl, in two ways. First, stoichiometric
amounts of MnCl, and NH,Cl were mixed
and heated in a sealed gold tube for several
days in the temperature region 300-400°C
under a pressure of about 1 kbar. The X-ray
diffraction patterns revealed the presence of a
K,NiF, phase in combination with relatively
large amounts of other phases of the system
NH,CI-MnCl,.

Therefore (NH,),MnCl,-2H,0 was pre-
pared in the same way as described above for
Rb,MnCl,-2H,O. Thermal analysis shows
that the dehydration process in (NH,),
MnCl,-2H,0 starts at about 115°C and
that at about 160°C the compound starts to
decompose due to sublimation of NH,CI.
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The X-ray diffraction patterns of samples
obtained by heating (NH,),MnCl,-2H,0O for
several days at 120°C in an Ar atmosphere
revealed a pure K,NiF, phase for the com-
pound (NH,),MnCl,. But susceptibility
measurements in the low-temperature region
indicated again the presence of impurities
probably due to the sublimation of a small
amount of NH,CI, during the preparation.
Several attempts to improve the purity by
varying time, temperature an Ar pressure were
not successful.

In order to investigate the conjecture about
the ordering of the X and X’ halogen ions in
compounds A,MnX,_,X; with the K,NiF,
structure, we have tried to prepare these
compounds for the combinations (F, Cl),
(Cl, Br) and (Cl, I). The attempts for the case
(F, Cl) were not successful, but for the com-
bination (Cl, Br) the expected behavior is,
indeed, found. That for the combination (F,
Cl) the expectations are not fulfilled is not so
surprising, because the ratio of the Cl- and
F- ions radii (#(Cl7)/r(F7)) is much larger
than r(Br™)/r(Cl).

Using the Ahrens radii, these ratios are
1.36 and 1.08, respectively (10, 11). For some
compounds having the combination (Cl, I) for
which r(17)/r(Cl7) = 1.21, also indications for
an ordering between Cl~ and I~ are found.

Several compounds of the type A,MnCl,_,
Br,and A,MnCl,_,I, were prepared by means

TABLE 1

CELL PARAMETERS OF COMPOUNDS
A MnX, X (x=0,1,2)

Compound a-axis (A) c-axis (A)
Rb,MnCl, 5.049(2)* 16.172(4)
Rb,MnClI;Br 5.060(3) 16.588(8)
Rb,MnCl,Br, 5.073(2) 16.924(3)
Rb,MnCl,l, 5.162(2) 17.84(1)
Cs,MnCl, 5.135(3) 16.88(1)
Cs,MnCl;Br 5.169(3) 17.25(1)
(NH,).MnCl, 5.049(2) 16.148(7)
(NH);MnCl,Br, 5.055(5) 16.83(1)
(NH,);MnCl,1, 5.102(4) 17.71(1)

7 The values between parentheses indicate the un-
certainty in the last decimal place.
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of the melting method for A = Rb, Cs and for
A = NH, by means of the method described
above, in which sealed gold tubes are used. In
some of the sainples prepared, small amounts
of AX, other phases of the AX-MnX,
system (X = Cl, Br, 1) and unknown impurities
were detected. The unit cell parameters of all
compounds prepared are listed in Table I.
The occupation of sites | and 2 (Fig. 1) by the
X' ions is clearly reflected in the values of the
a- and c-axes. The value of the c-axis increases
strongly when Br~ of [ is substituted in the
compounds, caused by the larger radius of
Br~ and I~ compared to the Cl~ ion (Ahrens
radii (/0, 11):r(Cl7)=1.81 A, r(Br-)=1.96
A). The differences in the values of the a-axes
are much smaller.

The cell parameters of Rb,MnCl, and Cs,
MnCl, agree with those reported in the liter-
ature (/, 3, 4).

A last remark about the preparation of the
compounds concerns Cs;MnCl;Br and Cs,
MnCl,Br,. The compound Cs,MnCl,Br,
could not be prepared. For most of our Cs,
MnCIL;Br samples the X-ray reflexions were
rather broad, indicating that these samples
were not well crystallized. Possibly Cs,MnCl,
Br, is not stable, whereas Cs,MnCl;,Br is a
borderline case. Thermal analysis of Cs,MnCl,
Br revealed a phase transition (possibly to the
F-K,80, structure) at 295°C, just as in the
case for Cs,MnCl, (see above).

In Table I the results are given of the chemi-
cal analysis of a number of the samples pre-
pared of the various compounds.

Because of the hygroscopic character of
MnCl, and the compounds prepared, all
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manipulations were carried out in a glove box
filled with dry nitrogen.

X-ray powder diffraction patterns of the
compounds were obtained by means of a
Philips PW 1050 diffractometer, suited for the
investigation of hygroscopic samples and
using CuKu radiation.

The differential thermal analysis experi-
ments have been carried out by means of a
Mettler Vacuum Thermal Analyzer TA1.

Susceptibility measurements in the tempera-
ture region 2-250°K were carried out with a
commercial PAR vibrating sample magneto-
meter model 150.

Spin-flop measurements on the compounds
Rb,MnCl, and Cs,MnCl, (described in
Section III) were carried out with a high field
pulse magnet of which details are described
elsewhere (/2).

Many calculations were carried out on the
IBM 360/65 computer at the University
Computer Centre of Leiden.

ITI. Results and Discussion

The results of the susceptibility measure-
ments on polycrystalline samples of Rb,MnCl,
and Cs,MnCl,, corrected for diamagnetism
according to the table of Selwood (/3),
are plotted in Figs. 2 and 3. The broad maxima
in the y-curves are characteristic for an anti-
ferromagnetic system with a low dimension.
In view of the crystal structure it is expected
that the compounds behave as 2D systems. At
low temperature a minimum is noticed in the
y-curve of each compound. This deviation
from the expected behaviour can be explained

TABLE 11

CHEMICAL ANALYSIS OF COMPOUNDS A,MnX,_ X,

Compound  Mn(theor.)%, Mn(exp.)%, X+ X'(theor.)%, X+ X'(exp.)%
Rb.MnCl, 14.94 14.98 38.6 38.5
Rb.MnCl;Br 13.33 13.44 45.2 45.1
Rb,MnCl,Br, 12.03 12.32 50.5 50.0
Rb,MnCl,1, 9.98 10.15 59.0 58.4
Cs,MnCl, 11.88 11.93 30.7 30.8
Cs;MnCl;Br 10.84 10.81 36.7 36.7
(NH,):MnCl, 23.60 2348 60.9 61.2
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by the presence of a paramagnetic impurity
in the samples. The data in Figs. 2 and 3 were
collected on samples prepared by dehydration
of the compounds A,MnCl,-2H,O(A = Rb,
Cs), as described in Section II, Samples that
were prepared from the melt showed minima
in their y-curves at higher temperatures (40°K)
so that in these samples probably a larger
amount of impurities was present. For these
samples the influence of the impurities on the
susceptibility behavior was too large to
correct for so that no reliable values of the
intralayer interaction J/k could be obtained
(see below). The same holds for the other Mn
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Fig. 3. Molar susceptibility y, as a function of
temperature of Cs,MnCl; .- =experimental data;
® = experimental data corrected for the presence of
paramagnetic impurities; : best fit according to
the series expansion curve J/k =—-5.0 K and g =2.00
----- . indicates the corrected value for y (T'= O).

compounds discussed in Section II. Therefore,
no susceptibility data of these compounds are
given in this paper. It may be remarked, how-
ever, that all these compounds show the
characteristic broad maximum in their y-
curves and can be described as 2D antiferro-
magnetics.

The chemical analysis results (Table II)
shows that the impurities cannot amount to
more than a few percent.

Similar deviations, due to impurities, were
observed by Van Amstel and De Jongh (/4)
for the 2D Mn compound (CH;NH;),MnCl,.
They conclude from their single crystal
measurements that the deviations are probably
caused by small amounts of MnCly(Ty=
1.9°K(/5)) or MnCl,-4H,0(7Ty = 1.6°K (/6)).
In some of our samples of Rb,MnCl, and
Cs,MnCl, a sharp maximum was observed
in the y-curve at about 2°K, so that probably
also in our compounds, MnCl; or MnCl,-
4H,0 is present as impurity.

Van Amstel and De Jongh (/4) have de-
veloped in their paper a scheme to correct
forthe presence of the paramagneticimpurities.
This scheme will also be used by us.

The magnetic system in Mn** compounds
is usually described well by the Heisenberg
model, since the most important sources of
anisotropy, such as dipolar anisotropy, crystal
field effects and anisotropy in the superex-
change mechanism are usually very small in
these compounds. Therefore, it should be
expected that the susceptibility in the high-
temperature region is well described by the
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series expansion results for the antiferro-
magnetic quadratic Heisenberg lattice with
spin S=5/2 (the Hamiltonian # =-2J>

J

- - i
S;-S; is used, where J is th enearest neighbor
intralayer interaction parameter) Lines has
shown (17), that, although in this series ex-
pansion in powers of J/kT only a finite number
of terms is known, the susceptibility is well
described down to the temperature region,
where the maximum in the susceptibility
(Xmax) 18 located. Van Amstel and De Jongh
(14) report that the series expansion can be used
in the region kT/|J| > 12.

Using J/k as the variable parameter and
g =2.00 (as is usual for Mn?* compounds),
a preliminary value of J/k is obtained by fitting
the experimental y data in the high-tempera-
ture region to the series expansion y-curve.
J/k is also determined from y,,, and the
temperature 7,,,,, where y., occurs, by means
of the relations:

and
Ymax[J|/Ng? 7 = (5.516 +0.006) x 1072 (2)

which are obtained from the series expansion
results for the antiferromagnetic, quadratic
Heisenberg lattice with S =5/2 (17, 18). The
valueintheright-hand-side Eq. (1) is somewhat
lower than the value given by Lines (/7)
and seems more reliable. The difference is
probably due to the extrapolation procedure
used by Lines (/8).

The J/k-values calculated from Egs. (1)
and (2) and from the experimental values:

Yemax = (1.385 + 0.015) x 1072 emu/mole,
Trax =100 £ 3°K
and

Ymax = (1.690 + 0.015) x 10~? emu/mole,
Thmux=86 £ 3°K

for Rb,MnCl, and Cs,MnCl,, respectively,
are given in Table III.

It has been found by De Jongh and Colpa
(19) that y... i1s more suitable than 7,,,
for estimating J/k, since y... 1S established
theoretically and usually also experimentally
more accurate.
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Another determination of J/k can be ob-
tained from the prediction for the perpen-
dicular susceptibility at zero temperature
7.(T =0). For this quantity Keffer has given
the following expression (20):

e(o) ]

o [1 _ A4S
1 +4a S 24+ a)zS
(3)

that, according to De Jongh (2/), shows good
agreement with experimental results obtained
on 2D antiferromagnets.

In Eq. (3) x,°=Ng?f?/4z|J| denotes the
molecular field prediction for y, (7T=0).
Further, o is the anisotropy parameter H,/Hy,
in which H, denotes the anisotropy field and
Hp is the exchange field that is related to the
intralayer coupling J/k by means of the mole-
cular field expression:

Hp =2z|J|S/gp. 4)

1 (T=0)=

The number of nearest magnetic neighbors is
given by z (for the quadratic lattice - =4),
A4S(a) and e(a) are corrections to y,°, due to
zero-point spin reduction.

Values for 4S5 () have been given by Lines
(/7)and Colpa et al. (22). Breed (23) has shown
that e(«) is nearly independent of a. Therefore,
we use the value e(0) = 0.632 (20). It is clear
that in Eq. (3) also « has to be known to ob-
tain the value of J/k from the experimental
¥ (T = 0)-value.

TABLE 111

PHYsicaL QUANTITIES OF Rb,MnCl, anD Cs,MnCl,

Rb,MnCl, Cs;MnCl,
Jik from T, —5.6(2) —4.8(2)
uncorrected (K)
Jlk from zmax —6.0(1) —4.9(1)
uncorrected (K)
J/k corrected (K) —6.2(2) -5.0(2)
H.:. (kOe) 60(5) 50(5)
2(T=0) x 10? 0.895 1.130
corrected (emu/mole)
H ,(kOe) 1.9(4) 1.6(3)
Hy/ Hg 22x1072 2.1 x1073
Tn(K) 55(5) 55(5)
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the spin-flop transition © = experimental data.

The quantity « = H,/H is determined by
means of spin-flop (s.f.) measurements of
which the results for Rb,MnCl, and Cs,MnCl,
(obtained at 4.2°K) are shown in Fig. 4a, b').
Since the measurements were carried out on
polycrystalline samples, the s.f. transition is
not as sharp as usual for s.f. measurements on
single crystals. Assuming that the s.f. occurs at
the field value for which do/0H reaches its
maximum, the s.f. fields given in Table III,
were obtained.

Using the formula (20)

H: =2HgH /(1 — /1), (5

H, is obtained if H ., Hg, and yx,/x, are
known (y, denotes the susceptibility in
the direction of the c-axis along which the
spins are aligned below the transition tempera-
ture Ty(4); x, is the susceptibility perpendicu-
lar to the c-axis). From the powder suscepti-
bility data, the ratio x,/x, cannot be deter-
mined. For other 2D Mn compounds it is
known that at T < T, x, is already very
small compared to x, so that in good approx-
imation it may be assumed that y,/x, =0 at
4.2°K.

The preliminary value of J/k, and thus of
Hg (Eq. (4), is obtained from the best fit
of the susceptibility data to the series expansion
curve. In this way, an estimate of « is acquired
and a value for AS/(a) is derived (22).

! These measurements were carried out by Dr. C. J.
Schinkel at the Natuurkundig Laboratorium of the
University of Amsterdam.

If the polycrystallites in the sample are
distributed at random, and if y,(T=0)=0,
the powder susceptibility at 7= 0is given by
Tpowdeld T =0)=2/3 x,(T=0). Hence, from
this relation, x,(T=0) is obtained from the
experimental ¥, owae-value. This value has not
yet been corrected for the presence of the
paramagnetic impurity. The susceptibility
of the most probable impurities MnCl,
and MnCl,-4H,0 is described by the Curie-
Weiss law down to low temperature (15, /6),
with an asymptotic Curie temperature 6 =
—2°K. Adding the Curie-Weiss 1aw ¥impuriiy =
Cimpuriy/ AT = 0), with 0 = =2°K, to the series
expansion result, we are now able to deter-
mine the combination of J/k and C, for which
best agreement between the experimental val-
ues for y (T = 0) and T,,,,, and the theoretical
results is obtained. In this way the values for
1.(T=0) corrected for the paramagnetic
impurity, the final value of J/k, and the H,
and H,/Hg-values are determined (Table
111).

In Figs. 2 and 3 are also depicted the y-data,
corrected for the paramagnetic impurity.
It is noticed that for Cs,MnCl, a good fit is
found down to T,,, between the corrected
experimental data and the series expansion
curve for J/k =—5.0°K. For Rb,MnCl, the
fit for J/k = —6.2°K is also good, except for the
region around ym,.., Where the deviations are
somewhat larger than in the case of Cs,MnCl,.

Apparently, the intralayer coupling J/k
is smaller for Cs,MnCl, than for Rb,MnCl,,
which is in accordance with the larger distance
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between nearest Mn ions in the layers in the
former compound (Table I).

Since the H, -values could not be deter-
mined very accurately, the uncertainty in the
H ,-values is rather large. But their magnitude
does not differ very much from the theoretical
values of the anisotropy field caused by the
dipole anisotropy: H4® =1325 and 1270 Oe
for Rb,MnCl, and Cs,MnCl,, respectively,
as calculated according to Breed (23) and
Colpa (24). Probably a large part of the aniso-
tropy originates from the dipolar anisotropy.

It is possible to obtain an estimate of the
antiferromagnetic transition temperature Ty,
where long-range ordering sets in. Although
Mermin and Wagner (25) have proved
rigorously that an isotropic 2D magnetic
system cannot exhibit long-range order at
T >0, in practice a transition to long-range
order is always detected in experimental 2D
systems. This is due to deviations from
the isotropic model, caused by e,
dipolar anisotropy, anisotropy in the super-
exchange mechanism, crystal field effects and
interlayer coupling. The value Ty is often
nearly equal to or higher than the so-called
“Stanley-Kaplan transition temperature.”
Stanley and Kaplan (26) have pointed out
that in an isotropic 2D system a transition
probably occurs, where, in accordance with
the result of Mermin and Wagner, no spon-
taneous magnetization occurs, but where the
susceptibility diverges. This transition temp-
erature is given by the relation:

KTyl =%z = D{2S(S+ D=1} (6)
for S> 1/2.

Taking into account the fact that in all known
2D Mn compounds below T x, decays to
zero and y, rises only slowly at decreasing
temperature, it seems an acceptable procedure
to locate Ty in the y-curves of polycrystalline
samples in the temperature region where
9y/0T reaches its maximum. For Rb,MnCl,
and Cs,MnCl,, these maxima are found at
55 + 5°K (Table I11) These values agree within
experimental uncertainty with those reported
by Epstein et al. (4) from neutron diffraction
experiments.

The *“Stanley-Kaplan transition temper-
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ature” as calculated from Eq. (6) by substi-
tuting the calculated J/k-values, are 61°K and
50°K for Rb,MnCl, and Cs,MnCl,, respec-
tively. They show reasonable agreement
with the experimental Ty-values.
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