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WEAK TRANSVERSE MAGNETIC FIELD EFFECT ON THE VISCOSITY 
OF Mn(NO&-Hz0 SOLUTION AT SEVERAL TEMPERATURES 

J. LIELMEZS AND Ha ALEMAN 

CZutnicaf Eizghum kparrmcnl, Ilie Utrircr&y of Briiish Cohmbia, Vanwuicr, B.C. /Gnu&) 

(Rtocivod 7 Sqzunbcr 1976) 

Experiments show that transversalIy applied magnetic field n of strength 
12 kG at 10, IS, 20, 25, 30, 40 and 60°C and the ambient pressure decreases the 

viscosity of high concentration Mn(NO&-Hz0 soiution, The hugest value of this 
decrease occurs at the temperature range of 20-2S”C_ On the other hand, at low 
paramagnetic ion concentrations, the applied magnetic field increases the viscosity of 
Mn(NO,),-Hz0 solution in such a way that the observed effect value in the limit 
seems to approach the aiready measured viscosity increase of the pure water_ How- 
ever, the temperature dependence of the observed viscosity increase of the given 
dilute paramagnetic Mn(NO&-Hz0 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_ 

INXRODUCTION 

This work describes the applied transverse magnetic field effect on the viscosity 

of Mn(NO&-Hz0 solution at IO, 15,20,25,30,40 and 60°C temperature (Table 1, 
Figs_ l-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&-Hz0 
sohxtion while at low salt concentrations the applied magnetic field 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 (Tabie I, Figs. l-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 (IO-20°C range) even opposite 
to the already shown’- ’ viscosity-temperature behavior of the pure water under the 

influence of an applied external magnetic field_ Indeed these complex, low tempera- 

dilute solutions (the paramagnetic ion solution approaches at the infinite dilution 
the diamagnetic pure wafe’) might ~pecifj’~ 2* 4 the existence of two competing micro- 
structural interaction mechanisms, the dipolar interaction associated with the pure 
water; and the spin-exchange mechanism characterizing the parama@etic ion-water 
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solution, AdciitionaUy to this, these experiments strongiy support the recent findings 
of Liehnezs et al_I and LieIm~ and Aleman’ that an &tern&y applied magnetic 

field weakly increases the viscosity of pure distilied water- 

L.iclmezs and co-worker~‘-~ describe in detail the apparatus and methods used 
for the measurement and evaluation of the transverse applied magnetic fie1.d on the 
viscosity of pure distilled water and of paramagnetic ion-water solutions, The 

me~uring apparatusa-’ consists of two parts: the ehxtromagnet system and the 
viscometer-temperature bath assembly_ Tbe same Cannon-Fenske opaque (calibrated, 
rrverx flow, No_ 50, v 561) viscometcr was retained for use in this work; and the 
same viscometer cleaning and measurement procedures as we11 as caIcuIation methods 
were used in this work Consequently~ the overall accumcy oftbisstudyisatthesame 
IcveI as found and in detail discussed in our previous w~rk’-~. To prepare the 
Mn(NO&-H,O solutions, 50% analytical reagent grade Mn(NO,& from Mallinck- 

rodt Chemical Wo&s, was used. 

The-viscosities of Mn(NO,),-H,O solution for both the applied and the not 
applied (ambient earth magnetic field) magnetic field condition were calculated from 
the simplified’ -4 reIation: 

v = Cf (1) 

where: v = viscosity in stokes; C = constant (determined by calibration); 1 = ef3ux 
time in seconds, 

The results of this study are summarized in Table I and Figs_ I-5. Table 1 
presents at IO, IS, 20,25,30,40 and 60°C temperature for al1 solution concentrations, 

at the magnetic field strength H = 12 kG; the fractional viscosity coefficient, defined 
as tf = [(P - uq/v*-J x 100; where P is the arithmetic mean average viscosity 

of the given sohztion at tke 25°C temperature, the atmospheric pressure and the 

applied magnetic field stnzngth H = 12 kG_ The v”, however, is the arithmetic mean 
average viscosity at the ambient earth magnetic field (or no-field condition) but at 
the same concentration, temperature and pressure as #_ 

Table I also presents statisticaI analysis data; standard deviation a,, ca!cu.iated 
at tbe applied magnetic fieId strength U, and the z-distriiution null-hypothesis results, 
assuming that the means are equal (~8~ = JZ*) while the variances for the applied 

field and the n&ieId conditions are not quaI; that is, csr # co_ 
The obtained resufts (Table 1, Figs_ l-5) show de&&e pattprrrs between the 

invohd parameters. the fractional viscosity, vi, the solution concentration, 
C@xol I-‘); and the measurement temperature T, at constant applied magnetic fieId 
strength offi = 12kG_First_thev” - Tplot (Fig_ I) shows that for alI experimental 
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Fig 1. Thcffauio~visaxityr+(r’ = [rH-+#Jj x IO=) and tanpaatun T ticion. T%c *-data 
for the pure liquid water wart taken from ref. 2 

temperatures (IO, IS, 20, 25, 30, 40 and 6O”C), at aIi Mn(NO,),-Hz0 solution 

concentrations (0.005, OS, 1.0 and 3-O mol I-‘), within the 17%30°C range there 

exists a downward v* - Tvalue 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 P-T curve for the pure water?- 4 (the l-f--T cume 
for the pm-c water is included as an upper limit in Fig_ 1, this work). This analysis 
is further extended by Fis 2, in which we have plotted Mn(NO,)t-H,O solution 
fraCtional viscosity v+-difference (Ati) and the corresponding temperature T- 
difference (AT) ratio taken at constant concentration of the solution against the 
temperature T in “C (vaIues obtained from TabIe I, this work). Figure 2 confirms 
that indeed the fractional viscosity +-temperature coefEicient for the Mn(N03)2-Hr0 
solution may suddenly change the sign; and that this change of sign appears to bc 

opposite to the observed sign of change of the pure wate+ 4 at the same temperature 
range As a matter of fad, the Arrhenius plot (Fig. 3) of the absolute values of the 
fiixtional viscosity V+ of Mn(NO,),-H,O solution (Tabie I) indicates the prcscnce 

of discontinuous structural rearrangements occurring in the soWion bctwcen the 
17-5 to 30°C temperature range for 0.5, 1.0 and 3.0 mol 1-l concentrations and 
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b&~een the 15 to 35°C range for 0.005 moi 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 curye for the pure watefi (ikcfuded also in Fig 3); then wit&n the 
acuuacy of our measurtmcnts, thelowconccntration (O.OOS mol I-‘) Mn(NO&-Hz0 
solution Me&us plot (note that these are the absolute fdonal vkosity vf- 
values) displays the same behavioral patterus of liquid flow as that of t&e pure water. 
This afso confbns our previous tidings 3* 4 showing that for each of the following 
paramagnetic nitrate-water solutions: Cu(NO&-H20; Ni(NO,),-H,O; Co(NO,), 
Hz0 and Mn(NO,),-H,O; there is a critkA concentration, E,; at which the ob- 
served maguetic field effed on the sofution viscosity chane its direction, that is, 
the decrease in vf-vane ROW becomes au imxease in the vaIue of solution viscosity 
which in the limit of the iufinite diMion of the soIuf.ion, approaches the positive 
P-value of the pure water. For the Mn(NO,),-Hz0 solution t&e critical conccu- 
tration value was found4 to be c: = 0.065 moI IUx. ‘The effect of the exisfeuce of this 
critical solution concentration OQ the P-T curve is displayed by Fig. 1. It shows 
that above the critical axxeutmtion, (7,; af 0.5, I.0 and 3.0 mol 1-l concentrations, 
first, the slope of the vf-T-decreases with d ecreasing concentration and becomes 
nearly zero at 0.5 moi I -I concentration, whiIe at the same time the downward peak 
tcmpcrature shifts from 20°C (at 3.0 mol I-‘) to 25°C (at 9.5 mol I”). The peak 
shapes also changer the downward peak becon3es somewhat narrower as tic conan- 
tration decreases, 
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Fi&3. The Arrficnius prot for the absolute factional viscosity IniVf. To intcrpre2 tk actual ffow 
pattams of this Figure, tccatl that for rhe purr water and low concentration (below the critical 
solution conccr.tr2sion C;, ti 4) parzmagrtctic nitzate-watcr solutions; the fnctional viscosity r’ 
incxascs wh~k above tbc critical solution awantration 9 darcass. The I”-dztta for the pure water 
aR taken from ftf. 2 

Second, below the critical solute concentration (cc = 0.06S mol 1-l) the v*- 
value cotirming with our previous work4 increases and in the Emit tends to approach 
that of the pure wateti- 4. On the other hand, the low concentration (0.005 mof I”) 
e-2 curve still retains the general features of the higher concentration value P-T 
curves as shown by the peak temperatures of v*-T plot at the 0.005 mol 1-l concen- 
tration (Fig I). The maximum peak temperatures on the v*-T curve for this low 

concentration, however, arc 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 I-’ solution 9-T curve (Fig 1) for the 25*C region shows a 

shallow minimum. This general flow behavior* is r&cted in the activation energy 
curves (Fig. 3). The presented Arrhenius plots (Fig. 3j of the absolute values of the 
fractional viscosity P indicate that at concentrations above the critical concentration, 



C, (0.5, 1.0 and 3-O mol I-‘); the activation energy except for the proncmmd c&s- 
continuous kink temperature region between 17-5 aud 30°C. appears to be nearly 
co-t. If this solution activation energy curve is compared with the act&&on 
energy curve of the-pure wat&, it appears that under the infiucmz of au applied 
maguctic fitId of 12 kG, zhe s&&ion at the bighcr conantrations becomes structuraIIy 
more stab&~ However, if the low concentration (below the critical conantration, C,) 
f-on& viscosity coefEc5ent is compared with the fractional viscosity coeffuzient of 
& pure water (Fig. 3); ooc finds that the bulk liquid p6scsss a highly unstabIe and 
complex structurai rearrange&M pattern. This seems strongly to support the previ- 
ously made assertion by Lielmczs and 4 Akman that panmagnetic nitrate+water 

solution interactions may be character&d by two compehmg microstructuraI mech- 
anisms: the dipoIar interaction mechanism, chiefly associated with the proton 
ior&SnaI (spin_Iattioe) relaxation times and dete n&zing the pure diamagnetic 

liquid water behavior; and the spin-exchange mechanism, mainly associated with the 
proton transverse (spin-spin) rekuation time and determining the paramaguetic 
ion-water solution behavior. 
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Fig 5. The fractional vixmity~nccntition co&Sent @W/;lCJ x 102) and the average UMKUI- 
tration <c> plot with rrspco to szafc (1) and sfatc (2); viha-c <C> = <Cl i CzML 

F&e 4 shows a smooth monotonic fractional viscosity v;L and concentration 
C plot. The P-value spread at higher concentrations is larger than at the iower 

concentrations_ This may well be associated with the observation that in the limit 
of infinite dilution, the P-values for all temperatures tend to approach even if over- 
lapping the corresponding +-value of the pure water, Comparing the resuIts of Fig 2 
(AvfjbT<T)* plot) with the results of Fig_ 5 (AufldC-<of’ plot); it is seeu that 
the slope of P-Tcurve (Fig_ I) when pIottcd against <T> sug_gests the existeuaz of 
sudden, song 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 P-C curve (Fig 4) is 

plotted against <c>; the sudden strong, temperature dependent sIope changes 
characterizing the P-T behavior; have vanished; but instead yielding oniy one _eentIe 
slope change in the vicinity of <c> = 0.75 mo1 I-‘, This sug_gests that while the 

increased concentration of the paramagnetic Mn(NO& ion increases the magnitude 
of the observed applied magnetic fieId effect on the solution viscosity (Fig_ 4); the 
mechanism responsible for these e-value changes must be sought in the factors 
determining the structural stabiiity of the Iiquid at the given thermodynamic (in- 

cluding the magnetic) state of the paramagnetic ion-diamagnetic water system, 
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