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WEAK TRANSVERSE MAGNETIC FIELD EFFECT ON THE VISCOSITY
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ABSTRACT

Experiments show that transversally applied magnetic field H of sirength
12 kG at 10, 15, 20, 25, 30, 40 and 60°C and the ambient pressure decreases the
viscosity of high concentration Mn(\NGQO,;),-H,O solution. The Iargest value of this
decrease occurs at the temperature range of 20-25°C. On the other hand, at low
paramagnetic ion concentrations, the applied magnetic field increases the viscosity of
Mn(NO,),-H,O solution in such a way that the observed effect value in the limit
seems to approach the already measured viscosity increase of the pure water. How-
ever, the temperature dependence of the observed viscosity increase of the given
dilute paramagnetic Mn{NO,),—H,O solution appears to be more complex and at
some temperatures even opposite to that of the already shown viscosity-temperature
behavior of the diamagnetic pure water.

INTRODUCTION

This work describes the applied transverse magnetic field effect on the viscosity
of Mn(NO3),-H,O solution at 10, 15, 20, 25, 30, 40 and 60°C temperature (Table 1,
Figs. 1-5). It was found that the applied magnetic field H of the strength of 12 kG
at high paramagnetic salt concentrations decreases the viscosity of Mn(NO;),-H,0
solution while at low salt concentrations the applied magnetic ficld increases the
viscosity of this solution in such a way that the observed effect value appears to
approach the already measured® ~* viscosity increase of the pure diamagnetic water.
However, the obtained results (Table 1, Figs. 1-5) show that the temperature de-
pendence of the observed viscosity increase of the dilute Mn(NO;),—H,O solution
seems to be more complex and at some temperatures (10-20°C range) even opposite
to the already shown!- 2 viscosity-temperature behavior of the pure water under the
influence of an applied external magnetic field. Indeed these complex, low temperature,
dilute solutions (the paramagnetic ion solution approaches at the infinite dilution
the diamagnetic pure water) might specify’- *- * the existence of two competing micro-
structural interaction mechanisms, the dipolar interaction associated with the pure
water; and the spin-exchange mechanism characterizing the paramagnetic ion-water



* [0AS] 93UBPYUOI

[9A0] 02UIPYUOD

%5638 5120y 01 X $6£9°C 1156°0 %06 30 5190y r-00 X [691°1 82L0'0 *+ 8 ,
7 j9A9] 0uapyuod o .
%56 10 810y r-01 X 8Z6¥'E p9T0'1 — 1930 Jou 50 01 X P6b6'1 OLv0'0 + 4

. [9A9] 0UPYU0 [0AS] SOUIPYUOD :

7456 10 510900y 0000'0 L2e0'l ~ 7406 10 510y v-01 X 0668'% Te81°0 + 0t
_9:,._ 00UIPYU0d ; [949] 03udpYuod ;
756 10 5130y 01 X TEH9'1 b6l = 706 10 51%f0Y r-01 X 658L'E 00Z1'0 + T

 [949] 0dUIPYuU0? {940 0OUIPYUOD ‘

- %56 0 si2py r-01 X EITI'T w10l — %06 0 5IXPY +-01 X 9IZE'Y 0521°0 -+ 0T

_ '1949] 0UAPYU0d [9A0] 03UAPYUOD
%66 30 513(0Y w01 X 86K0'S SLYO'L — 7056 18 519PY -0l X 2PIP'I 1070 + ¢t
[049] SOUOPLUOD [9A9] 92UdpYUOD
+ 7066 19 8130y v-01 X €268 6L20'T — %06 10 819y »-00 X 9EIY'Y §$20°0 + of
.gr Np aor x —% % v lip o0 x —L—
0 o ] "y ot = pd 0)f ea ] np o = gt
, oM qlojIv)Aap - .4 sl qHoNjaap LY
o SpsaytodCy N PIOPUDIS  AJ150051A 98niA0 $)5910d4Y NN paopumng - £1)50asiA 2804040
, o , (SAIDUY (DIUSHDIS  UDaNE IDIY LAY SISCIDUD JOIYISHDIS  HDIUE PO IRUAY
"IU0 VIO 0 "u02 VIO $00'0 D, 'ty
WSLINSTY 10 AUVNRINS
| ATEVL



221

00 & D 'SUVLIVA OU) OJJUM ‘O1f s 171/ UL OILIY JUY) PIWUNSSU SUA 3} ‘SISANOUAY-TINU UOHNQLIISIP-1 3891 O, o

[ =N

R ATt e )

[}

ey =) %
n

s 70 15U POUYOP 5} FO UOJIVIAOD v:u?_,sw_ a

'}00q1x9) PAUpUVIS 0updosddu Aun 038 ‘SPOYIAW SISAUUT [U31ISHUIS JO 0N olf3 BujpanBds UoSSNIEIP PIYILIP 104 .

[9A0] Q2udpYUed

[049] S0UdpYIOD

766 3 5139[0Y v-01 X TE6E'Y 11LE's 706 18 51Ny r-01 X TEH9'T 9f81'T ~ 09
19A9] 92UAPYU0D 10AQ] Q3UIPYUOD
%66 10 5139[0y +-01 X §860'1 866L'S 766 30 $109(0Y] +-01 X 9££8'6 PEor'eT - oy
[9A9] 03UAPYUOD . 19A9] 93UIPYUOD
%66 10 51900y v-0 X 9880°1 L9S6'S — 766 0 810y +-01 X $888°T LOTET — 0¢
[9A9] 02UdpYuUOD 1949} DAUIPYUOD
%66 0 §10[%Y »-00 X 16189 £psl'g — %66 10 51090y r-01 X $P08'9 8029'T — §T
[9A9] QduapYyU0d 19A%] oaUdPYLOd
%66 10 51930y -0 X LLET'] bty — %66 30 5199[0Y r-01 X LLO9'T os8y'e — 0T .
1909 852:8, | 17A9] dUIPYUOd
%66 30 51990y -0 X TETS'I bTip'9 ~ %66 10 51930y +-01 X £616'P §99¥'T — 18
[9A9] Q3UIPYUO) |OAD] 03UIPYUO?
%66 10 51330 o-00 X 88VT'T 8609'9 — %66 3 5139[0Y ¢-01 X 0500'] epIe'e — of
ot ot
09 sh lp (1] R Bl 0p g lp 00r X ===
T o ot = 4 01w 101 o o = nd
cu\s.?: azatsihmv - .a n?.}z atctc\&u\w - .a
ssarodiy InN popuvIs 11500514 afvaaan speti0dsy (NN propumg  £)1s03514 8w
SISO JOIUSHDIS WD (DI RN §ISCOUD VNSNS NV PO NI Y
W02 ALY £ *I0I JVJORY [ D, ‘duag



222
solution. Additionally to this, these experiments strongly support the recent findings

of Lielmezs et al.! and Lielmezs and Aleman? that an externally applied magnetic
ficld weakly increases the viscosity of pure distilled water.

EXPERIMENTAL

Lielmezs and co-workers' ~* describe in detail the apparatus and methods used
for the measurement and evaluation of the transverse applied magnetic field on the
viscosity of pure distilled water and of paramagnetic ion-water solutions. The
maeasuring apparatus® % consists of two parts: the electromagnet system and the
viscometer-temperature bath assembly. The same Cannon-Fenske opaque (calibrated,
reverse flow, No. 50, V 561) viscometer was retained for use in this work; and the
same viscometer cleaning and measurement procedures as well as calculation methods
were used in this work. Consequently, the overall accuracy of this study is at the same
level as found and in detail discussed in our previous work!'™“. To prepare the
Mh(NO,),_—HZO solutions, 509 analytical reagent grade Mn(NO,), from Mallinck-
rodt Chemical Works, was uscd.

RESULTS AND DISCUSSION

The viscosities of Mn(NO,),-H,O solution for both the applied and the not
applied (ambient earth magnetic field) magnetic field condition were czlculated from
the simplified! ~# relation:

v=Ct ()

where: v = viscosity in stokes; C = constant (determined by calibration); ¢t = efflux
time in seconds.

The results of this study are summarized in Table 1 and Figs. 1-5. Table 1
presents at 10, 15, 20, 25, 30, 40 and 60°C temperature for all solution concentrations,
at the magnetic field strength H = 12 kG; the fractional viscosity coefficient, defined
as v* = [(** — v%)/v®] x 100; where v is the arithmetic mean average viscosity
of the given solution at the 25°C temperature, the atmospheric pressure and the
applied magnetic ficld strength H = 12 kG. The v°, however, is the arithmetic mean
average viscosity at the ambient earth magnetic ficld (or no-ficld condition) but at
the same concentration, temperature and pressure as v7.

Table 1 also presents statistical analysis data; standard deviation oy, calculated
at the applied magnetic field strength H, and the r-distribution null-hypothesis results,
assuming that the means are equal (uy = po) while the variances for the applied
field and the no-field conditions are not equal; that is, 6g # Go-

The obtained results (Table 1, Figs. 1-5) show definite patterns between the
involved parameters, the fractional viscosity, v*, the solution concentration,
C(mol 17 *); and the measurement temperature 7, at constant applied magnetic field
strength of H = 12 kG. First, the v* — T plot (Fig. 1) shows that for all experimentat
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Fig. 1. The fractional viscosity ¥* (0* = [ -9»%] x 10°) and temperature 7 relation. The »*-data
for the pure liquid water were taken from ref. 2.
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temperatures (10, 15, 20, 25, 30, 40 and 60°C), at all Mn(NO,),-H,O solution
concentrations (0.005, 0.5, 1.0 and 3.0 mol I™"), within the 17.5-30°C range there
exists 2 downward v* — T value peak. However, as the paramagnetic nitrate solution
becomes more dilute, this downward peak tends to become fainter and in the limit
of an approaching infinite dilution, is only slightly diverging from the already estab-
lished upward peak found in the v*-T curve for the pure water’ * (the v*-T curve
for the pure water is included as an upper Iimit in Fig_ 1, this work). This analysis
is further extended by Fig. 2, in which we have plotted Mn(NO;),-H,O solution
fractional viscosity v*—difference (Av*) and the corresponding temperature T-
difference (AT) ratio taken at constant concentration of the solution against the
temperature T in °C (values obtained from Table I, this work). Figure 2 confirms
that indeed the fractional viscosity v*—temperature coefficient for the Mn(NO,),-H,O
solution may suddenly change the sign; and that this change of sign appears to be
opposite to the observed sign of change of the pure water?* * at the same temperature
range. As a matter of fact, the Arrhenius plot (Fig. 3) of the absolute values of the
fractional viscosity v* of Mn(NO,),—-H,O0 solution (Tabie 1) indicates the prescnce
of discontinuous structural rearrangements occurring in the solution between the
17.5 to 30°C temperature range for 0.5, 1.0 and 3.0 mol 17! concentrations and
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Fig 2. The fractional viscosity—tcmperatare cocfiicient ([47*(47] x 10F) and the average temperature
LT KT = (T1 + T2)/2) relation with respect to state (1) and state (2).

between the 15 1o 35°C range for 0.005 mo} I~ ! solution. It is of interest to note that
when the Mn(NO,),-H,O solution activation energy curves are compared with the
activation energy curve for the pure water® (included also in Fig 3); then within the
accuracy of our measurements, the low concentration (0.005mol1~*)Mn(NO3),~-H,O0
solution Arrhenius plot (note that these are the absolute fractional viscosity v*-
values) displays the same behavioral patterns of liquid flow as that of the pure water.
This also confirms our previous findings®>: * showing that for each of the following
paramagnetic nitrate-water sofutions: Cu(NO;),~H,0; Ni(NO,),-H.O; Co(NO;),~—
H,0 and Mn(NO,).,-H,O; there is a critical concentration, C_; at which the ob-
served magnetic field effect on the solution viscosity changes its direction, that is,
the decrease in v*-value now becomes an increase in the value of solution viscosity
which in the limit of the infinite dilution of the solution, approaches the positive
v*-value of the pure water. For the Mn(NO;),~H,0 solution the critical concen-
tration valuc was found* to be C, = 0.065 mol I™*. The effect of the existence of this
critical solution concentration on the v*-7 curve is displayed by Fig. 1. It shows
that above the critical concentration, C,_; at 0.5, 1.0 and 3.0 mol 17! concentrations,
first, the slope of the v*-T decreases with decreasing concentration and becomes
nearly zero at 0.5 mol 17! concentration, while at the same time the downward peak
temperature shifts from 20°C (at 3.0 mo! 17%) to 25°C (at 0.5 mol 1™?). The peak
shapes also change: the downward peak becomes somewhat narrower as the concen-
tration decreases.
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Fig. 3. The Arrhenius plot for the absolute fractional viscosity Inj»*|. To interpret the actual fiow
patterns of this Figure, recall that for the pure water and low concentration (below the critical
solution concentration Ce, ref. 4) paramagnetic nitrate-water solutions; the fractional viscosity »*
increases while above the critical solution concentration »* decreases. The »*-data for the pure water
are taken from ref. 2.

Second, below the critical solute conceniration (C, = 0.065 mol 17!) the v*-
value confirming with our previous work* increases and in the limit tends to approach
that of the pure water’* *. On the other hand, the low concentration (0.005 mol 1~?)
v*-T curve still retains the general features of the higher concentration value v*~T
curves as shown by the peak temperatures of v*-T plot at the 0.005 mol 17! concen-
tration (Fig. 1). The maximum peak temperatures on the v*-7T curve for this low
concentration, however, are found at 15°C and at 30°C as opposed to the pure water
for which the maximum peak temperature was found in the vicinity of 25°C tempera-
ture®. The 0.005 mol 1™ * solution v*-T curve (Fig. 1) for the 25°C region shows a
shallow minimum. This general flow behavior™ is reflected in the activation energy
curves (Fig. 3). The presented Arrhenius plots (Fig. 3) of the absolute values of the
fractional viscosity v* indicate that at concentrations above the critical concentration,

'AudahroaalswhﬂesmdyingtbemiawwpkpropaﬁsofmcpmemtcrbymnsofIR-
spectroscopy have obscrved structural anomalies in the temperature dependence of the 1.2-u absorp-
tion band of liquid water within the 30-40°C temperzture range. On the other band, Peschel and
Adifingex® have found that thcsmfaoczmacofwateradjamttoah:gmypolarsmfamshowsstmng
temperature dependency and changes structurally over relatively large distances.
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C. (0.5, 1.0 and 3.0 mol 17*); the activation energy except for the pronounced dis-
continuous kink temperature region between 17.5 and 30°C, appears to be nearly
constant. If this solution activation energy curve is compared with the activation
energy curve of the pure water?, it appears that under the influence of an applied
magnetic ficld of 12 kG, the solution at the higher concentrations becomes structurally

more stable. However, if the low concentration (below the critical concentration, C.)
fractional viscosity coefficient is compared with the fractional viscosity coefficient of
the pure water (Fig. 3); one finds that the bulk liquid possesses a highly unstable and
complex structural rearrangement pattern. This seems strongly to support the previ-
ously made assertion by Lielmezs and Aleman* that paramagnetic nitrate—water
solution interactions may be characterized by two competing microstructural mech-
anisms: the dipolar interaction mechanism, chiefly associated with the proton
longitudinal (spin-lattice) relaxation times and determining the pure diamagnctic
liquid water behavior; and the spin-exchange mechanism, mainly associated with the
proton transverse (spin-spin) relaxation time and determining the paramagnetic
ion—water solution behavior.

1 2 3

C.mol I*

F:g.4.1hcﬁamonﬂvmﬁyfandtbepammwmm03}iﬁ:0$omuonmmmc
plot.
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Fig. 5. The fractional viscosity—concentration cocfficient (4»*/4C] x 10%) and the average concen-
tration {C) plot with respect to statc (1) and statc (2); where {C) = (C1 + C2)/2.

Figure 4 shows a smooth monotonic fractional viscosity v* and concentration
C plot. The v*-value spread at higher concentrations is larger than at the lower
concentrations. This may well be associated with the observation that in the limit
of infinite dilution, the v*-values for all temperatures tend to approach even if over-
lapping the corresponding v*-value of the pure water. Comparing the results of Fig. 2
(Av*/AT—(T)™ plot) with the results of Fig. 5 (Av*/AC-{C)™* plot); it is seen that
the slope of v*~T curve (Fig. 1) when plotted against {T") suggests the existence of
sudden, strong and temperature-dependent changes in the bulk structure {compare
with Fig. 3) in the liquid.

In contrast, Fig. 5 shows that when the slope of the v*—C curve (Fig. 4) is
plotted against {C); the sudden strong, temperature dependent slope changes
characterizing the v*-T behavior; have vanished; but instead yielding only one gentle
slope change in the vicinity of {C) = 0.75 mol 17!, This suggests that while the
increased concentration of the paramagnetic Mn(INO,), ion increases the magnitude
of the observed applied magnetic field effect on the solution viscosity (Fig. 4); the
mechanism responsible for these v*-value changes must be sought in the factors
determining the structural stability of the liquid at the given thermodynamic (in-
cluding the magnetic) statc of the paramagnetic ion—-diamagnetic water system.

LAY = (T3 + T2
{C) =(Cr+ Co)2.
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