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Abstract

This is a brief review on changes that oc-
cur when dilute aqueous solutions are left 
standing, motionally unperturbed, in a 
glass storage container from hours to days. 
This results in an increase in solution vis-
cosity termed thixotropy. Agitation quick-
ly reduces the viscous weak gel-like state 
back to its original less viscous state. Other 
changes include increases in electrical con-
ductivity, laser light scattering, lumines-
cence, and UV adsorption. Both the pres-
ence of ions and hydrophilic surface have 
been shown to be factors in the thixotropic 
phenomenon of water. It is proposed that 
a supramolecular structure of water devel-
ops from minutes to weeks then reaches a 
plateau. Biological implications are briefly 
mentioned.

Introduction

This report is divided into two sections 
dealing with spontaneous changes that oc-
cur with increase in duration of storage of 
motionally unperturbed dilute aqueous 
solutions. The first section deals with rhe-
ology (viscosity) changes and the second 
section deals with non-rheology changes 
(electrical conductivity, laser light scatter-
ing, luminescence, ultraviolet spectrosco-

py, circular dichroism and various solution 
storage conditions). This report does not 
include discussion of exclusion zones.

Rheology

Vybiral et al. have made the surprising 
observations that distilled and boiled wa-
ter when left standing unperturbed for 
some time (hours to days) developed into a 
somewhat more viscous weak gel like state 
(2006, 2007, 2011). He referred to this mac-
roscopic state of distilled water as autothix-
otropy. It was also observed that if distilled 
boiled water was first deionized then the 
unperturbed resting water autothixotropic 
state did not occur. This lead to the conclu-
sion that low levels of ions present in the 
distilled water were involved in formation 
of the thixotropic state. This idea was later 
confirmed by adding some salt (NaCl) to 
the deionized water that then demonstrat-
ed the autothixotropic effect (2011). Vybiral 
reported in 2006 that stirring and shaking 
of water in the autothixotropic state or that 
boiling it immediately destroyed the au-
tothixotropic state. Based on the evidence 
that ions are involved in the observed thix-
otropy it is therefore recommended that 
the word “autothixotropy” be replaced by 
the word “thixotropy.”
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The main method used by Vybiral (2006, 
2007, 2011) for demonstration of water 
thixotrophy was a plate hung on an elastic 
filament and immersed into freshly boiled 
distilled water. Upon twisting of the up-
per part of the non-immersed filament the 
immersed plate begins to rotate when a 
critical angle of rotation was reached. The 
submerged plate then starts to rotate and 
reaches a new equilibrium position. This is 
referred to as a static method of measure-
ment. Given an angular torsion of the fila-
ment a force is reached in the water which 
causes a major change of the angular posi-
tion of the immersed plate.

A dynamic method of measurement (Vy-
biral 2006) involved the fall duration of a 
plastic ball with a given radius and density 
through a water sample. The duration of 
ball fall through a given distance was used 
to determine the samples viscosity. These 
were two of the three methods used in the 
experimental studies reported by Vybiral et 
al. (2006, 2007, 2011)

A reanalysis of data in Vybiral’s 2006 pub-
lication on the falling ball duration ad-
dresses previously unanswered questions. 
How long does it take for a distilled and 
boiled water sample stored in a closed glass 
container to develop a more viscous, very 
weak gel like, thixotropic state or to reach a 
maximum equilibrium state and how much 
sample perturbance does it take to change 
this thixotropy state back to its original less 
viscous state?

The precise timing of thixotropy formation 
in distilled water or a weak ion contain-
ing solution has not previously been de-
termined nor has the amount of time and 
agitation needed to bring the thixotrophic 
water state back to its original non-thixo-
trophic state.

The falling ball method of determining wa-
ter thixotropy was previously described by 
(Vybiral 2006). Briefly a liter cylinder with 
inner diameter of 57 mm and a plastic ball 

with a non-absorbent surface with a diame-
ter of 28.5 mm (mass of 7.94 g) and density 
of 1.019 x 103 kg.m-3 was used. This gives 
14 mm clearance from beaker wall. The cyl-
inder was filled with the water sample. The 
experiment was to immerse the ball into the 
water sample starting with its upper edge 
30 mm below water sample surface and 
then allow the ball to fall over a length of 35 
mm. The time it took the ball to fall this dis-
tance was measured in seconds with the use 
of optical equipment with phototransistors 
and computer controlled scaler. The water 
sample temperature was maintained at 22° 
C throughout the experiment. The time for 
the ball to fall 35 mm was in the 10 second 
range.

The first step in the experiment was to boil 
the distilled water sample of about 1 liter for 
10 minutes then the sample was allowed to 
cool down to 22° (about 60 minutes) prior 
to the first ball fall time measurement.

Two different experiments were done on 
ball fall duration. The first experiment in-
volved an increase in time of water sample 
rest at 22° C for up to 17 days. It was ex-
pected that the ball fall duration would 
slow down with time of water samples rest 
due to increase in water sample thixotro-
py. Measurements were also done on long 
term stored water sample before and after 
intense mechanical stirring.

The second experiment was to measure the 
ball fall duration in distilled water stored for 
7 days. Multiple measures of the 7 day rest-
ed water sample at 5 minute intervals be-
tween multiple ball fall measures was done 
to measure the effect of water perturbed by 
increased mixing due to increased number 
of falling ball drops.

The statistical analyses used were one way 
analysis of variance and linear and one 
phase exponential regression analyses. The 
falling ball data used in this report were 
published by Vybiral in 2006. These data 
were subjected to further statistical analy-
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ses to provide additional new information. 
Table 1 summarizes data used to determine 
time dependent changes in development of 
water thixotropy. Freshly boiled and stirred 
distilled water give the stirred and distilled 
ball fall duration values in Table 1. The ball 
fall duration measured at increasing times 
of the unperturbed water sample rest were 
subjected to additional statistical analysis. 
The stirred and the initial ball fall duration 
were found to be significantly faster than all 
longer rest durations as judged by the lack 
of overlap of 95% confidence interval (CI) 
values. The ball fall duration of the 7-day 
rest value was significantly faster than the 
17-day ball fall time values. Thus the ball 
fall time continued to significantly decrease 
during the standing water rest period over 
a period of 17 days.

The duration of change with time was sub-
jected to regression analyses by both a lin-
ear analysis fit and then a non-linear expo-
nential fit. Both methods showed good R2 
fits but the non-linear exponential fit was 
better R2 0.9148 than the linear R2 0.8699. 
Plus the exponential fit gave an end point 
plateau value of 10.50 sec. This value is not 
significantly different than the 17 days ball 
fall duration value. These findings suggest 
that the water thixotropy is near a maxi-
mum plateau value by 17 days of aqueous 

  Days Time
  Mean ± 95%  CI 
  (n=10)
  Intense stirred 0 9.85 ± 0.04
  Initial time to 
  cool after boiling 0.05 10.01 ± 0.02

  Initial time to
  cool after boiling 0.05 10.08 ± 0.02 

  Initial time to
  cool after boiling 0.05 10.01 ± 0.02

 7 10.33 ± 0.04

 13 10.40 ± 0.04

 17 10.48 ± 0.04

Table 1. Ball Fall Duration - 351 mm (seconds)

solution rest.

Initial values allow for cool down to 22° C 
following boiling. No overlap between 95% 
confidence interval values indicates signifi-
cant differences. Thus intense stirred and 
initial values differ significantly and were 
both significantly faster than all longer rest 
periods and the 7 days of rest sample is 
significantly faster than the 17 days of rest 
sample.

The second set of data analysis concerns the 
loss or disruption of the water thixotropy 
with multiple falling ball drops measured 
at 5 minute intervals. The data on ball fall 
duration over a distance of 351 mm after in-
crease in number of repeated ball drops is 
shown in Figure 1.

Rested distilled water thixotropy was dis-
rupted by adding balls with the same speci-
fications as before. Balls were added at 
5-minute intervals and duration of fall over 
a length of 351mm was measured. Both lin-
ear and non-linear (one phase exponential 
decay) regression analysis were performed. 
The non-linear exponential fit was better 
than the linear fit (R2 0.9277 vs R2 0.9075) 
and was selected for further analysis.

Repeated falling ball drops every 5 minutes 
speeds the falling ball duration indicating 
disruption of thixothropy. The non-linear 

Figure 1. Evidence that distilled water that had 
developed thixotropy with rest loses thixotropy 
when exposed to repeated ball movement through 
the sample.
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data indicates the change in fall duration 
with repeated ball falls is projected to reach 
a plateau of about 9.580 seconds and has 
a zero intercept value of 10.44 of unstirred 
long standing distilled water which is near 
the plateau value of 17 days of unperturbed 
water rest 10.48 sec. and the calculated 
plateau of maximum water thixotropy 1.50 
sec. thus a value in the 10.44 to 10.50 sec. 
range appears to represent a maximum ex-
tent of thixotropy of distilled water sample 
and an increase in rest beyond the 17 days 
of unperturbed water rest is not likely to 
significantly further increase the thixotrop-
ic state.

Boiled degassed deionized water stored 
motionally unperturbed in a sealed glass 
container, to limit exposure to air, failed 
to show evidence of thixotropy upon rest. 
If the observed increased ball fall duration 
is due to leaking of unidentified ions from 
the glass container wall or to contact with 
the hydrophilic glass container wall upon 
storage in deionized water it might have 
contributed to the increase in ball fall dura-
tion with storage duration. It did not (Vybi-
ral 2011). If leaking of ions, contamination 
from the air or exposure to the hydrophilic 
glass surface of the container wall are not 
the cause of increase in the falling ball time, 
as reported in Vybiral’s 2011 torsion ex-
periments, the increase in ball fall duration 
with storage might be attributed to inter-
actions in the distilled water. The author’s 
supposition on the possible contribution of 
ions in the distilled water was supported by 
the fact that NaCl salt added at 0.4 g / 400 
ml to deionized water did demonstrate the 
thixotropic effect (Vybiral 2011).

These observations lead to the conclusion 
that there was a long term water structure 
development (water thixotropy) in the pres-
ence of some residual ions in the re-boiled 
closed container of distilled water used in 
the experiments reported by Vybiral 2011.

Non-Rheology

This section summarizes non-rheological 
measures of resting (unperturbed) dilute 
aqueous solutions.

Verdel et al. (2012) reported that the elec-
trical conductivity of long term storage of 
unperturbed extremely dilute aqueous so-
lutions significantly increased. Conductiv-
ity measured at 1000 Hz also significantly 
increased when the surface to volume ra-
tio of the storage container was increased. 
They speculated that both ions and contact 
with the hydrophilic glass container surface 
could be conditions causing the increased 
conductivity.

Recently Verdel and Bukovec (2016) also re-
ported on the increase in conductivity upon 
storage of aqueous solutions of various cat-
ion chlorides. Conductivity increased fast-
er in solutions with Cs and Li (weak salt-
ing out, chaotropes) than with solutions of 
strongly salting out hydrophobes (kosmo-
tropes) like K and Mg. Silica did leak from 
the glass container wall with storage time 
and gave a slight increase in conductivity. 
They noted that this silica increase in rate 
of conductivity was not enough to change 
their conclusions on the conductivity in-
crease rates by the various cation chloride 
solution with increase in storage time nor 
did dissolution of CO2

 from air. It was found 
that the chaotropes Cs and Li gave a faster 
rate of increase in conductivity than the 
kosmotropes K and Mg. It was concluded 
that the increase in conductivity with time 
of solution storage was due to greater water 
structuring around the chaotropes that bet-
ter facilitates proton or hydroxyl hopping 
and therefore an increase in conductiv-
ity. They concluded that a weak thixotrope 
state of water is “triggered” by hydrophilic 
surfaces and by ordering of hydration shell 
layers around nucleating solutes over ex-
tended time with little or no mechanical ag-
gregation (rest).

Are there optical changes in dilute aque-
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ous solutions with motionally unperturbed 
storage? Lobyshev et al. (1999) reported 
storage time dependent increase in water 
luminescence in the visible and near ultra-
violet ranges. It was concluded that water 
and dilute aqueous solutions are self-orga-
nizing polymorphous systems.

Laser light scattering (LLS) and other 
methods for study of aqueous dilute solu-
tions caused formations of 100 nm sized 
domains (Verdel and Bukovec 2014), Sed-
lak 2006a, 2006b, 2006e, Sedlak and Rak 
2013, Yinnon and Yinnon 2012, Yinnon 
and Elia 2013).

Elia et al. 2017 recently reported that dou-
ble distilled Milli Q water can form chiral 
aggregates of water molecules when ex-
posed to a Nafion membrane. The method 
used involved exposure of the water to a 
Nafion membrane then stirring the water 
and turning over the membrane. This pro-
cess is repeated 10 times and the membrane 
removed and dried. The procedure is then 
repeated 10-20 times with the dried mem-
brane. This procedure is referred to as the 
iterative Nafionized membrane (INM) pro-
cedure. Analysis of the INM treated water 
was subjected to circular dichroism spec-
tral analysis and to other methods of analy-
sis and revealed homochirality not attribut-
ed to impurities released by the membrane. 
Multiple 200 nm size aggregates were ob-
served by fluorescent microscopy and SEM. 
Other research groups have reported H2O 
aggregates but not their chiral supramo-
lecular structure. If chiral supramolecular 
water structure is common in the in vitro 
and in vivo systems is yet to be reported.

Summary and Implications

The rheology section of this report is de-
voted to the experimental results of Vybi-
ral 2006, 2011 on time dependent viscos-
ity changes in stored (motionally unper-
turbed) water. Viscosity increased in stored 
distilled water but not in deionized water. 
Addition of salt (NaCl) to the deionized wa-

ter increased its viscosity. Stirring/shaking 
or boiling of the viscous samples quickly 
reduced their viscosity. Reanalysis of data 
from the resting storage samples showed 
an exponential decrease in the rate of vis-
cosity increase to a plateau value at 17 days. 
Vybiral proposed that thixotropy is due to 
macroscopic clusters of water around ions 
that evidently fill the whole container.

The main studies reviewed in the non-
rheology section deal with electrical con-
ductivity of aqueous solutions by Verdel et 
al. 2012, 2016. They reported significantly 
higher conductivity in unperturbed aged 
solutions except those stored frozen. They 
also found increase in conductivity as the 
surface to solution volume ratio increased. 
Thus they propose the excess conductiv-
ity was due to the hydrophilic glass surface 
and the ions present. Their 2016 report fo-
cused on the role of aqueous solutions of 
various cation chlorides. They report that 
Cs and Li increase conductivity at a faster 
rate than K or Mg. Silica species also built 
up in the glass vessel during storage which 
complicates but did not invalidate interpre-
tation of the cation chloride results. They 
propose that structuring of hydration shells 
around Cs and Li maybe enhanced more 
than around K and Mg with storage and 
this better accelerates proton or hydroxyl 
hopping, i.e. electrical conductivity.

Optical changes in motionally unperturbed 
aqueous solutions have been reported. The 
changes include luminescence and laser 
light scattering (LLS). The LLS studies re-
veal formation of heterogeneous domains 
of 30 to 500 nm that increase in number 
from minutes to weeks.

The time for development of rheological 
and non-rheological changes in unper-
turbed aqueous solutions appear to extend 
over a relatively long duration from days 
to weeks which then apparently reaches a 
plateau. Shaking or boiling the thixotropic 
state rapidly returns the specimen to its 
original non-thixotropic more sol like state. 
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These time dependent changes have im-
portant implications as discussed below. 
Clearly many important unanswered ques-
tions arise about the physical properties of 
motionally unperturbed water solutions as 
it changes from a free flowing sol state to a 
weak gel like state.

Might a weak thixotropic gel state also exist 
in biological organisms? If so what might 
it’s physiological implications be?

Evidence is accumulating that cell cyto-
plasm is a water-immiscible substance 
when squeezed from a cell into a dilute so-
lution. Cytoplasm has also been shown to 
exclude dyes. What these observations in-
dicate is that water in the cell is structured/
ordered differently than ordinary bulk wa-
ter.

Given that water in cytoplasm exists in an 
immiscible gel state one might question if 
a  major agitation would result in change 
from a gel state to a sol state. This is what 
has been suggested to occur with a trau-
matic hammer blow to the head of a rabbit 
(Gallyas and Pal 2008). In this ultrastruc-
tural study of the rabbit’s cortical brain in a 
region of the hammer blow to the head, the 
observations showed that some of the neu-
rons underwent a major shrinkage of 50 to 
60% throughout the entire cell body includ-
ing its dendrites and axon process. The au-
thors concluded that the affected neurons 
“dark neuron” had undergone a general 
gel to sol change resulting in a major loss 
of cell water. It seems possible that the loss 
in volume may be due to a decrease in the 
osmotically unresponsive properties of the 
gel state to the more osmotically responsive 
properties of the sol state. This type of trau-
matic concussion response may be what oc-
curs in boxers, soccer and football players.

Based on finding on thixotropy in a report 
by Ooigawa et al. 2006 indicates that dark 
shrunken neurons form instantly after a 
traumatic brain injury (TMBI) but return 
to a larger non-dark state in 30-180 min. 

The non-biological reports cited in the cur-
rent review indicate that development of a 
thixotrope (weak gel) state can take days to 
weeks. It is proposed that the shorter re-
covery time of dark neurons to normal ap-
pearing neurons vs in vitro formation of a 
thixotropic (weak gel) state may be due to 
the much greater surface to water volume 
ration in vivo than in the in vitro studies.
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