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Investigating the Growth of Polar and lonic Crystals under Electric Fields

Foundations of Science 4, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates

James Gardner & Hassan Nahas

ABSTRACT:

ResuLts:

tonic and polar crystals are imp in where such as shape, alignment and quality define

their function. These properties are influenced by a number of factors. This study investigates the effect of electric

fields on controlling crystal growth. Micro Lysozyme and Alanine crystals were grown using hanging-drop vapour

diffusion under an electric field of 200N/C. Macro MgSO, and H,C,0, crystals were grown from crystal nuclei using

slow evaporation under an electric field of 12000 N/C. Electric fields were generated with parallel plate capacitors.

Under electric field, lysozyme crystals demonstrated up to a 115% increase in length compared to control. Alanine

crystallization under electric fields exhibited a variety of results with high uncertainty which require further study.

Under an electric field, both H,C,0, and MgSO, demonstrated greater crystallization towards the positive terminal.

Additionally, MgSO, showed greater alignment in crystals. These results are useful in the semiconductor and

jewellery industries where controlfing growth locations of polar crystals, and reducing imperfections/increasing

alignment in ionic crystals are important. Additionally, affecting protein crystallization rates is important in

pharmaceuticals.,

INTRODUCTION:

BACKGROUND

Electric fields exist throughout the world in which we live. They are used in the semi-conductor industry, medical
and can be toofs in the f charged objects. An electric field will exert a force on

charged substances and this can be used to alter velocity, position and orlentation of an object, for example, a

crystal. Crystals, which are made up of repeating units, can have { groups that to

polar and ionic character.

CRYSTAL CHEMICALS

* Oxalic acid (H,C,0,) is a dipotar molecule containing to two negatively charged carboxyl groups (1).

Magnesium Sulfate (Mg5S0,) is ionic and is highly soluble, it readily dissociates into ions (1),

Alanine is an amino acid with a negatively charged carboxyl group, positive amine group and polar character (1).

Lysozyme is a relatively large protein molecule with some positive charge (5).

OBJECTIVES AND HYPOTHESIS:

OBJECTIVES

. Obsem the effect of an external electric field on growth and structure of two macro and two micro crystals

diffecent with different polar/ionic properties.

* Through observation of relative crystal growths we aimed to infer the effect of polar/ionic character on crystal
growth under an electric field. Properties like size, number and position (in the solution) of the crystals will be
measured.

HYPOTHESIS

= MgSO, crystals will be most affected by electric fields where alignment and larger size crystals are likely to be
observed. This effect would be greater than for oxalic acid which is a neutral molecule. H,C,0, crystal growth
would be affected due to the polar nature of the molecule.

* Llysozyme is a large protein molecule with a large mass-to-charge ratio and as such won't be significantly

affected by electric fields.

Alanine's polar structure means that it should be affected by electric fields and so should demonstrate some

alignment with an electric field.

METHODS:

A MICRO CRYSTAL EXPERIMENT B

MACRO CRYSTAL EXPERIMENT
e

Figure 1: A schematic of the procedure followed with regards to the micro and macro crystals. A, shows the
experiment carried out for the micro crystals. B. shows the experiment carried out for the macro crystals. C. shows

experimental set up of macro crystal set up.

MACRO CRYSTALS:

Figure 2: Comparison of Oxalc acid's crystalization under ekectric field to control condition. Both A. and C. were grown under electric
field of 12000N/C and displayed major crystalization on the positive tide of the beaker whereas B, was left under no electric field.
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of mass on the positve side. C. showed an aligned crystal perpendicular to the plates.
Micro CRysTALS:

IMQWMHMHWMMIHMAMI lectric field to control condition. Both A. and C. were grown under
0 elactric finld of 200N/C whereas B. wat left under no electric field. No variation could be seen across the crystals.,

Figure 5: Comparison of Alanine’s crystallizaticn in row 8 under an electric field to control condition. VA and C. were grown under
a0 electric fiekd of 2000/C a0d grew 0o crystals whereas B. was left under no electric field and showed several small crystals.
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Figure 8: Comparison of evapontion rates of the macro crystals. Crystal
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Figure 9: Comparison of average length of crystal of micro crystals
DISCUSSION:
DISSOCIATION AND OXAUC ACID

* Oxalic acid has pKa's of 1.25 and 4.14 (1) and dissociates into C,0,* and HC,0,".

* The negatively charged ions migrate towards the positive side of the beaker as a result of the electric force

exerted by the electric field, In turn, concentration of the oxalate ions on the positive side increase, speeding up

crystallization.

This study suggests that dissociation and migration of jons are responsible for the crystallization on the

positive side.

EVAPORATION RATES AND MAGNESIUM SULFATE

* Reduced evaporation rates of MgSO, solutions under electric field supported results of a study that concluded

boiling point of water was increased under electric field(2).

Having studied dipolar orientations and carried out an energetics tests, the study suggests that water molecules

align in the direction of the electric field as a result of their dipolar nature. This was reported to a lesser extent in

the vapor phase implying the liquid phase is more energetically stable. This supports lower evaporation rates in

the evaporation of MgS0, under an electric field.

However, another study reported higher drying rates under an electric field (3).

Itisi to note that ion rates did not signi differ in H,C,0, solutions (Figure 8},

Nevertheless, reduced evaporation rates are known to produce higher quality crystals with less imperfections

(4) and this was what was generally observed with MgSO,.

CHARGE DOMAINS AND LYSOZYME

Greater length lysozyme crystals have been reported in a similarly conducted study (5).

The study attributed the results to the large positive charge of +12 associated with the lysozyme protein,

Molecules are attracted to the negative side under an electric field increasing the concentration in that area.

This in turn accelerates crystallization and larger sized crystals are observed.

The results obtained in this study are statistically inconclusive, however, on average, crystal sizes are larger.

This may support the presence of charged/polar domains in the protein and interaction with electric fields.

OTHER OBSERVATIONS

* The alignment of the crystal in Figure 3.C could have been il by the
but this could not be verified.

= Alanine’s results carried large uncertainty and yielded no conclusion.
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CONCLUSION:

Oxalic acid crystallized on regions of opposite charge. This suggested similar behavior for other polar acids that
dissociate into lonic species in solution. Magnesium Sulfate showed greater alignment parallel with electric fields and
its solution showed greater evaporation rates under an electric field. Larger size crystals were observed under an
electric field. This study suggests that this behavior may be present with other ionic species where greater alignment
may be achieved. Lysozyme showed no statistical difference in size. However, on average, crystals were larger in the
presence of electrical fields. Alanine showed too much variation for a conclusion to be made.

FUTURE DIRECTIONS:
= Repeat experiment with greater sample size and a variety of polar/ionic molecules to reduce error.
= Verifying mechanism proposed in our discussion.
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The Effect of pH on Macro- and Microcrystal Growth of Potassium Ferricyanide

Foundations of Science 4, Spring 2015
Yumi Gambrill & Anna-Lisa Hennig

INTRODUCTION

Crystal Farmation

= Crystalsform as a solution exceeds its solu bility capacity!

= The solution can't hold any more dissolved solute, so some of it comes out of solution
and forms the crystal!

Crystal Structure

= Crystals are ordered solids with a lattice structure 2

Potassium ferricyanid e forms both monoclinic (space group P2,/c) and bipyramidal base-
centered orthorhombic (space group Pnma) structures.22
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Effect af pH an Crysta! Grawth

= Should have no effect on crystal structure itself - any change in structure is due to an
actual chemical reaction

KOH and HClused because low concentrations d o not react with potassium ferricyanide
Solutions with higher pH should evaporate faster, increasing rate of crystal growth.
However, the resulting crystals, though numerous, are not very large.

If the concentration of HCl is too high, it reacts with the potassivm ferricyanide to form

MACROCRYSTAL RESULTS

Maderate pH Solutions

Crystal structure itself did not seem to be affected by the basic solutions;
were red and of similar size and shape

The following data on crystal size was collected: pH=d3

Table 1 Mazs of crpsials producedfrom solutions of different pH

[ onot sontion Mass of Crystas "
Prodeced (2} |
a o7
| 58 1om

s ossa
- et 2t
| 5 o0
| 54 enm
Extreme pH Salutians

Acidic solutions changed from light brown to nearly black with a blue pr
Basic solutions didn't change colour butformed an orange precipitate

causing areaction. The reactions were likely the follbowing:
- Ky[Fe(CN) ]+ KOH + Hy0 - Ky[Fe(CN)FKOH-H,0%
- B HCI+ K,[Fe(CN},] - B HCN+ Fecl, « 3 KTl

/ pH=55

Fig. 3. Macroctysials grown fom seed aysials suspendedin slation

Changed suggest that the concentrations of the KOH and HCl used were too high,

all crystals

pH=6.5 pH=7.5

ecipitate

Fig. 5 Wutial solutions of extreme pH

Crystals that formed through guick e were small and dl
formed over a longer period of time created longer rod-like structures.

The following results were collected on the crystals:
Table 2. Observathns ofcrysial growh from salutions with exireme pH

like; those that

Fig & Delail inpH=118 salution

Fig. 8 20xmagnification of surface gromth in pH=114 saln.

cyanic acid, iron (I} chloride, and potassium chioride.! Soluien
WIpH 1S WIpH1Z XOHpH 118 KOHpH 12.1
ica t f ium Ferri in tndustry
Weekt |- in, needle “Thicter nsedie-lite 317 “Ombige md  |-One hige, edenanl ~
= Potassium ferricyanide + KOH - Murakami's reagent, used in steel etching® (:’:f;:‘"lhi‘ :Z,m _U::l:“k”,m:ﬂ == (“':‘:: :R w:iu:?“d:::_o“
* Dot etchingin photography.® spderweblitesirociun | evaporaied smalroms. | iimpone. o, 6 Solikons e L wegkofe roporation
= Fe(l}+Potassivm ferricyanide - Prussian Blue pigment. One of the first synthetic ~Crpths emened insome “Very ke ~Maziofine solurianziil
pigments. Used in blueprints and paints.” xluby, ST L
= Iron removal in wine - prevents oxidation of the alcohol Week2 i ~Solurian ully B e bt
“Thice, medie-lite et |-Thinner needlelite crpsiak | s less ihaninzoluinof pu
~Crembare dirt brown bur |- Dart bowncysisbcovend |-Twovery ige, | 112
couered ingoM ingok pecipitar redcnzab -Omesen lirgeandans
OBJECTIVES ~Somecrymabgrowig up  |-Spitedand i
1. Examine the difference in growth of macrocrystals as pH of the solution isvaried groicinepmitini, [uouimwetiponsiy  (ovisions pmeiinme
2. Examine the difference in crystal growth of microcrystals as pH of the solution is disn pu 118] T .
varied, and as the crystal screen used is varied Fig. 7. Solutions ater 2 weeks of evaporation Fig. 18, 7ox magnification of surfoce growih inpH=11.d saln
3. Compare growth patterns of micro and macro crystals under different pH conditions
Crystal Screen 4: 0.1M TRIS hydrachlaride pH 8.5 with 2.0 M
METHODS MICROCRYSTAL RESULTS Sosham Solfoie CONCLUSION
MACROCRYSTALS = Ofthe 48 wells tested, crystals on grew in wells number 4, 5, 7, 13, 16, o ‘Small clusters of red erystals formed i each drop + pH has no apparent effect on growth of potassium ferricranide
21,23, 32,33, 34,38, 39,47 e 5
Seed Crystals . = The amount and size of crystals were roughly the same for all macrocrystals or microcrystals

1. Asaturated solution of Ky[Fe(CN)s] was prepared.
2. The solution was left to fully evaporate in a half-covered petri dish and the resulting
crystals were collected.

Maderate pH Solutions

1. Five saturated solutions of Ky[Fe(CN)s] were prepared.

2. The following pHs were created: 4.3, 5.5, 6.5 for the control (no HCl or KOH added),
7.5,and B.4. This was done by adding certain amount of 0.1M KOH or HCl to neuvtral
solutions.

3. Seed crystals were suspended in the solutions, and were left to evaporate in beakers
over two weeks.

Extreme pH Solutians

1. Five saturated solutions of K3[Fe(CN)6] were prepared.

2. The solutions were manipulated as previously mentioned to create pHs of 1.5, 1.8, 11.8,
and 12.1.

3. The solutions were left to evaporate in half-covered petridishes for two weeks.

Fig. 2 Mooerale pH Macrocrysial Experimental Selop

MICROCRYSTALS

1. Two 24-well microcrystal growth plates were prepared for hanging-d rop vapor diffusion
‘with 48 different crystal screen solutions.

. 3uL of each K,[Fe(CNJ] solution of moderate pH were dropped onto a coverslip and
placed over each well.

. The microcrystals were left to grow for two weeks.

~

w

The solutions in some wells (18, 24, 30, 31, 37,42, 43, 45, 46) changed
color from amber to green. Of these, only well 34 produced crystals.
In general, all drops under one condition showed same changes.

Fig. 11, Wells after preparation Fig 12 Wellsafier I week ofewparation

Crystal Screen 13: 0.2M Sodium citrote tribasic dihydrote with 0.1M TRIS
hydrachlaride pH 8.5, 30% v/ v Palyehylene glycal 460

= One small, orthorhombic crystal created in each drop

= All five crystals are of very similar size, shape and thickness

4
pH=ad I nN=4.5‘

Fig. 14 Crysial growthin well number 13

solutions

13 HeES

: ] @
pH=7.5

\ll—i pH=8.4 ’

Fig 13 Oysial gromith in well number 4

Crystal Screen 34: 0.1M Sadium acetate trihydrate pH 4.5 with 2.0M

Sodium formate

= Dark red, almost black crystals of similar size and shape in each drop

= The drop containing solutions of pH 6.5, 7.5 and 8.4 show small needle
like structures protruding from the crystals

pH=4.3 . ‘FH=5-5
.Y VEY
D
pHeES
pH=84 pH=T5

Fig.15. Crpstal gromih in well number 34

The different masses of macrocrystals likely due to random growth the
different sizes of seed crystals used

High concentrations of HCl can react with the potassivm ferricyanide,
changing the type of crystal. This crystal is probably iron (111} chloride.

FUTURE EXPERIMENTATION

General Applicability of Results

* Replicate experiment with a different crystal

* Repeat experimentusing different acid and base

+ Repeat macrocrystal analysis using supersaturation method

Further Testing of the solutions of Extreme pH

* Investigate concentration of HC| needed to produce new type of crystal

+ Use chemical analysis to determine identity and composition of precipitates
that formed from high concentrations of HCI/KOH
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The effect of acidic impurities and different surfaces on the growth

of copper (ll) sulfate pentahydrate crystals

leva Liepuoniute and Ting Che Lin

Foundations of Science 4, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates

Abstract

The main purpose of this study was to determine the effects of acidic impurities and
different surfaces on the growth of copper () sulfate pentahydrate (CuSO,=5H;0)
crystals. The way different surfaces and acidic impurities affect the formation of macro-
and micro- crystals were investigated in a series of evaporation, supersaturation and
hanging drop vapor diffusion experiments (1). Copper (ll) suffate pentahydrate
macractystals were grown on four differert types of sutfaces: cerarnic, plastic, glass and
metal. & direct correlation was concluded between the static friction and adhesive forces
of the surface and the number of nucleation sites formed. An evidert inverse relation
was found between the forces and the average size of the crystals grown. In terms of the
rmicracrystals, the existence of arganic (citric) and inorganic (hydrochloric acid) impurities
showed & complete inhibition of copper (Il) sulfate pentahydrate crystal formation in
many crystalizing conditions. However, it was also concluded that the HCI impurity had
no significant effect on crystal size, while the citric acid impurity enhanced the rate of the
crystal growth.

Macrocrystals

Results

Introduction

Crystals constitute of atoms, molecules, or ions that are arranged in an orderly
repeating pattern extending in all three dimensions (2).

Crystallization is kinetically hindered and a crystal can grow only from saturated
solutions (3).

Surfaces provide nucleation sites, where molecules stick to surfaces and start
growing into a crystal. Crystals could practically form on any rough surface available,
hut the extent to which the formation might occur can differ.

Crystal growth can also be affected by differert acidic impurities, which, depending on
their chemical nature, suppress the growth of crystals (4).

The degree of inhibition might be independent from the strength of acid, but
dependent on whether the acid is inorganic or organic, with the organic acid being a
better inhibitor.

Two common methods (5) to grow macrocrystals is supersaturation and
evaporation. For microcrystals, on the other hand, the best methodolagical approach
is a hinging drop vapour diffusion method.

Figure 1. Copper (I1) suffate pentahydrate crystals grown in ceramic (4 E), plastic (B i
glass (C,G) and metal (D,H) dishes using supersaturation technique in 25° C.
images taken using Samsung photo camera and E-F images taken using SMZ leon

1500 Stereomicroscope (Magnification 20x).

Evaporation
techniquein 25° C

Evaporation
technique in4* C

[4

Nikon 1500 Stereomicroscope (Magnification 20x).

L

Figure 2. Copper (II) sulfate pentahydrate crystals grown in ceramic (&,E), plastic
(B,F), glass (C,G) and metal (D,H) dishes using supersaturation technique in 4° C. A-
D images taken using Samsung photo camera and E-F images taken using SMZ

2y

Thy l size obtained i at25°Cand at 4°C

3
\
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Cryetal size (o)
3
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Objectives s
= Growing copper (1) suffate pentahydrate macrocrystals on different material
surfaces namely: glass, plastic, metal and ceramic and observing how different
surfaces affect crystal formation.
*  Examining how scidic impurties can inhibit the growth of microcrystals and
investigating, whether inorganic (HCI) or organic acid (citric acid) is a better inhibitor —— _— e
in a crystal formation process. aeter
Figure 3. Copper (II) Sulfate Pentahydrate crystals grown in Figure 4. Bar chart illustrating how different surfaces affect the sze of copper (Il) suffate
ceramic (4,8), plastic (C,D), glass (E,F) and metal (G,H) dishes pertahydrate crystals.
Methods using evaporation technigue in 25° C and 4° C respectively.
Microcrystals
Macrocrystals Y
Supersaturation of 8389 0f CuS 0,5 H,0 tal size r test 1 Crystal size for test2
CuS 0,#5H,0 | dissolved in 100ml of Cotalebs for 18 TR
distiled water at 80°C -
E 14 1
Macrocrystals g } w2l
" 789 of QuS0,*5H,0
%"P""““" o) added to 100ml of - #Contml 10 = Contml
uS0,25H,0 e z
distiled water at 24oC < i BHCLimpurity P WHC]impurity
R B Citric acid Inguiity % . B Citric acid impurity
* Samples both kind 0' solutions were. dlsmhuted lo metal, cerarric, glass and plastic 5 'l
dishes for I and at two different 1 § 4
(16 experimental sarrples in total) Z B 2
* Four samples on different surfaces for each technique were kept in room temperature & o
(25" C), while the other four samples on different surfaces for each method were °

placed in a fridge (4° C).

Microcrystals
oty e
nydrociioric 361
meneystat 5 00y1070 250

X
CHS0.SHO

%

* The experiment was repeated twice. The first time growing crystals for one week and
the second time growing crystals for two days.

Figure 5. Comparison of the average size of crystal between the control, HCI
and citric acid irmpurity solutions in test 1 (crystalized for one week).

and citric acid impurity solutions in test 2 (crystalzed for two days).

A

B C

—

Figure 7. The effect of acidic impurities to copper (II) sulfate pentahydrate microrystal growth: citric acid (&),
hydrochloric acid (B) and the contral (C) samples.

Figure 6. Comparison of the average size of crystal between the control, HCI

the crystallzation rate.

Discussion

Macrocrystals

Table 1. Physical and cherical properties of surfaces used in the experiment.
Sertecw Sieti frictun cowfhuient Chrwmic et buords of Adresive

0 surfaces foces

Coramics 037 polar huuh B atong.
Plastic o3s non-poker Bonds. wery woak

Glass. oss potar bonds. st
et ™ [rom— ——
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Supersaturation of CuS0,=5H,0 yielded approximately the same results on a macro-
scale for experimental samples kept at 25° C and at 4° C.

There is a positive relation between the static friction coefficients as well as the
chemical bonds of the surface and the number of nucleation sites formed on different
materials, namely: metal, plastic and ceramic surfaces.

A direct relationship between the high abundance of nucleation sites and the small
size of crystals was noticed only when investigating the experimental samples grown
in a fridge.

Microcrystals
Statistical analysis using the ANOVA test:

Table 2. ANOVA test values evaluating the significance of the results
Tt

40120 aryasnle R0 In R GONRONS.

* The ANOVA test demonstrated that crystals in test 1 reached a growth limit, so only
the results in test 2 showed the effect of acidic impurity on the rate of crystal growth.

The main observations:

The inhibition effect of acid can be evaluated by the nurber of crystals produced -
some conditions the acidic impurity hatted the growth of microcrystals.

The citric acid impurity enhanced the actual average size of crystals: 10mn? in the
control sample and 12.4mm? in the citric acid impurity sample.

The hygroscopic property (8) of citric acid allowed it to hold and attract water. Due to
this property, citric acid brought the dissoled copper and sulfate ions closer together
effectively increasing the concentration of these ions in the region and thus increasing

Conclusion

1. Different surfaces had different chemical and physical properties (static friction
coefficients and adhesive forces) which affected the accumulation and attachment
processes of macrocrystal particles to the particular surface as well as influenced
the size of crystals formed.

2. Acidic impurities inhibited microcrystal formation in many crestal screening
conditions. However, provided that crystals formed with some crystalizing agents
present, citric acid had an enhancing effect on the rate of crystal growth.
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Macro Crystal Growth iPdSuperhydrophobic Systems
pH Effects on Lysozyme Micro Crystal Growth

Foundations of Science 4, Spring 2016

Daniel B. Carelli |

Liam Kirwan

Keerthana Prakash

Introduction: The aim of the macro crystal experiment was to limit crystal growth on specific locations of the system by using superhydrophobic paints. The goal was to

prevent crystallization on these surfaces to focus it an desired locations. Essentially, the ultimate goal of the project was to devetop more predictable methods in which

crystallization will occur. The goal behind the micro crystal project was to observe the effects of NaOH base and HC! acid an the growth of lysazyme micro crystals. We used

the hanging drop methad to crystallize lysozyme from the whites of chicken eggs aver wells containing various crystal screens. In changing the pH of each microcrystal we

were expecting the protein with added acid to become denatured, thus altering/preventing the crystallization process.

Macro Crystal Experiment

What dees it mean to be Superhvdrophobic?

" Contactangle > 120°
® Droplets to reduce surface energy —

L d 000600
* Repels water & water based substances

Wdrophodic

SEM Picture of Beaker Surface

Drop on Sample Surface

Anticipated Results: Reduced Nucleation on Superhydrophobic Surfaces

-
Inner Rectarigle: ‘ \!
No Coating | | !
Quter Area: ‘
Superhydrophobic ‘

AT s O PO AN B v N SIS A A e e A PPN S SR

Unanticipated Results: Accelerated Evaporation

'r' Liguid levels cornparison
Test Tubes & Petri Dishes:
2 Left:  Superhydrophobic

Right: Control

Micro Crystal Experiment

Protein used: Lysozyme

® Egg whites {chicken)
® QOptimal pH range: 6.0-9.0
® Molecular mass: 14,307 Da

Control Microcrystals: Extensive Predictable Growth

¢ Normal Growth According
to literature research

¢ Very limited growth. Acidic
conditions appear to
inhibit nucleation

Microcrystals Under Basic Conditions: 0.25 NaOH Added
No Growth — Basic conditions completely denature protein
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Abstract

Biolocieall

While hers use d bladder stones for
experi al end , we at d to investigate in vitro growth
of urinary stones, something that has not been studied extensively.
We investigated the growth of oxalate and struvite microcrystals in
different pHs using the simple diffusion technique in agar gel. This
was done to test the potential preventive effects of alkalization on
stone formation. Our results suggest that oxalate and struvite grow
best in acidic media. After growing urea macrocrystals, using both
supersaturation and evaporation methods, we tested the critical
concentration of sodium bicarbonate (NaHCO)) that would cause
crystal dissolution. Our results demonstrate slow dissolution of urea
crystals in NaHCO, at 20 mM, the maximum physiological
concentration in the urinary tract. We infer that increasing the
NaHCO, concentration would enhance dissolution or prevent
formation of additional bladder stones. Herein, we additionally report
initial findings suggesting that iodine stain does not accomplish full
staining of a crystal, implying that an X-ray would not provide an
accurate representation of crystal size.

Introduction

Urolithiasis is one of the leading health issues in canine and feline
nmmala They rpsuh from the supcmmmnon of mmemls, such as
or in ated urine. Ch 1 identities of
the most common urinary calculi are given in Table 1. While some
caleuli have a stone morphology, they can also exhibit regular
erystalline structures, examples of which are shown in Figure 1.

a

Bladder stones are d through palpatory

ultrasound or X-ray i lmngmg In the latter technique, an iodine based
contrast di is d diol crystals. The
obstructions are removed é-urgncnlly nnd smaller stones are treated
by diet and antibiotics. The drugs, such as sodium bicarbonate
tablets, are directed to alkalize the urine and dissolve the crystals
and/or prevent their growth, since many of them are potentiated at
lower pH levels, as shown in Table 2.

Walizati dicsol

ion and we have

In our
made the following hypmhc-se»

*Struvite grows best in alkaline conditions; oxalate and urea
grow best in acidic conditions

*Urea crystals will be readily soluble in alkaline conditions
+Todine staining will show the entire surface of the crystal

Table 2. Common crystals found in urine
catogorized by optimal pH growth condition

Table 1. Bladder stone composition
listod by cccnronce.
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Figure 1. Ideal crystal of oxalate, struvite
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Objectives
« Investigated the growth of oxalate and struvite microcrystals in different pH media using the
simple diffusion technique in agar gel

« Tested the technique of dissolution of urea macrocrystals by alkalization with sodium
bicarbonate as a possible treatment of bladder stones

+ Studied the stain patterns from iodine based contrast medium

Materials and Methods

[@

sl s\i Ko — AT 9 g e
§an M5,
.} )
Py
A LA potaseium 14 T e Peepere & ln-. [Rp—
vaperatented

W o U \..7 [ \/ il
it W
P | y
\/ st \/ sl \/ T
Unolate seod crystal
Adpunt pH with 10M Y
ol O el o© o
DR e vt Fse 8 et
\/ WL L o) PR e
Lo 2kt e Lot el ot Sboan sy Mararw rvvale
34 s

e o

Sl \JJ.':.“:

<<

o =
Cover ol with . Corer el with 88 .
1M resgoentun 'L_ -
- - & —— =5
ol i
NaHOO, kel o
Figure 2. (a) After growing struvite ¥ ., using the by VB, to test the

we
growth at different pH by alkalizing the gel with concentrated NuOH. Muture crystals were observed with # storeomicroscope. ®)
After growing oxalate microcrystals, following the procedure deseribed in a study by P.V. Dalal, we attempted to test the growth in
different media by adjusting the pH using HCl and NaOH. The mature crystals were observed with a stercomicroscope. () After
obtaining a seed crystal from a supersaturated solution of urea, the crystal was isolated and placed in a saturated solution of urea to
grow i mature crystal by evaporation. The mature crystal was then used to test for dissolution in NaHCO, and stained with jodine.
The staining pattern was observed under a stereomicroscope.

Results

The oxalate microcrystal control group was imaged under a stereomicroscope, as shown in Figures 3
and 4. Similiarly, the mature urea crystals were isolated and imaged in the same manner (see Figure
6). However, we were unsuccessful in our attempt to grow struvite microcrystals and instead
discovered struvite stones in our gels. An image of the isolated struvite stones is seen in Figure 5.

Figure 4. Oxalate microcrystal exhibiting
regular bipyramidal shape

Figure 5. Struvite stones Figure 6. Urea macrocrystal
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Urea macrocrystals demonstrated rapid dissolution at 1M, 0.5M and 0.25M concentrations of
sodium bicarbonate. For concentrations 0.125M and 0.02M, crystals completely dissolved after
2 days. After another 2 days we observed formation of large single, highly ordered urea crystals
in the resulting solution. Crystal growth was greater at the lower 0.125M concentration.

Figure 8. Urea crystal growth in NaHCO,

Figure 7. Mature urea crystals
Oxalate microcrystals showed the same growth levels and rates in all three media. The struvite
stones, which grew only in acidic pH, were smaller in size compared to our control group.

Figure 9, Oxalate control

Figure 10, Oxalate grown at
pH 4.7 and 10, respectivoly

Urea crystals showed signs of dissolution in the iodine solution and unclear staining pattern,
although suggestive of affecting the whole surface. Struvite stones were stained after remaining
in iodine solution for 2 days.

Figure 11. Struvite control - Figure 12. Struvite grown at pH
4.7, and 10, respectively

=

Figure 13. Urea stained with iodine

Figure 14. Stained (left) and unstained
(right) struvite stone

Discussion and Conclusions
« Oxalate cryslals greu al ull pH conditions, -aupponmg our h)polhesls that oxalate crystals grow well
in acidic condi idering that the pH of the urinary tract generally ranges from
pH 4-7, our findings suppon« thc fact that oxalate crystals are the most commonly occuring bladder
stone.

-\\’hﬂe strunw stones have demonstrated good growth levels in acidic media, due to the
of the alkaline growth, we cannot confirm our hypothesis. Experiments could be
repeated with a 2% ammonia solution instead of NaOH.

+ While NaHCO, assists in reducing urine acidity levels, thereby dissolving and/or preventing the
crystals potentiated in acidic conditions, it may cause higher ordering of alkaline crystals such as
urea, Investigating its effects on struvite, also more readily formed at higher pH, offers ground for
possible further research,

« While the pattern of iodine staining on urea crystals was inconclusive, our results for struvite stones
suggest that the contrast medium might not affect the entire stone surface. We can therefore induce
that an X-ray image would not be a good representation of the calculi’s true size and could potentially
be a medical risk for the animal.

We would like to take this opportunity to thank our lab instructors, Joseph
Koussa and Jamie Whelan, and Wael Rabeh for their support, guidance and
encouragement.
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THE EFFECT OF VIBRATIONS AND VARYING CONCENTRATIONS ON L-CYSTINE CRYSTAL GROWTH:
A POTENTIAL APPROACH FOR ALTERNATIVE KIDNEY STONE TREATMENTS?

ABSTRACT

Rasha Shraim & Samuel Ridgeway
Foundations of Science 4, New York University Abu Dhabi, United Arab Emirates

RESULTS

In this experiment, crystals were grows in  varicty of conditions to investigate whether the final strucure could be
disrupted; these methods could then be adapted 10 provide new approaches 10 kadacy s1one treatments. The effect of
vibeations o the macrocey stal formagion of wrea, sodum metrate, and L<ystine was tested wsing buzzers. In additicn,
varyimg concentraions of L<ystine sobation were fested 10 sec Bow the growth of microcrystals would be affected
Evapoeation prodced higher-quality, larper crystals in compurison 10 suporsaturaion and microcrystals were grown
in multple coeditions using the hanging drop method. Powdery solids of urea and sodism nitrate formed when
vibeations were appbed during cvapeeation and fractunmg was obscrved whon the vibraticas were applicd to formed
arysmls. Microcrystals of L-cystioe increased in size a5 the comcentration of the prepared scbetion icreased Osr
results indicated that vibratsoms are imeffoctive against the growth of L~cystine crystals, which make up fen percent
Kidney stones. However, reducing the cystine intake i onc’s dict may. potentially decrease the chance of crystals
fonmng

INTRODUCTION

= Crystals are present in the body, both beneficially and as @n illness. One of the most well-known
examples of this 15 Kidney stones — predominantly made of calcium and sodium compounds (1) As
biokogy students, we were thus interested in studying crystals that grow inside our bodics.

+ The main chemicals peesent in the kidneys and in kidney stones that concemed s Were (red. Sugars
(glucose), sodium, and amino scid L-cystine

* Present kidmey stone treatments range from open surgery 1o dies change. Stones either pass out through
the unne or must be attended to medically (2). We tested the possibelities of using physical vibrations
and varying L-cystine concentration on crystal growth It was predicted that decreasing solution
concentration — fasger rine volumes — would decrease crystal growth and that exposing the crystals to
wvibeations will disrupt their structunad formation making & easier to break them apart after they have
been formed or more difficult 10 grow from solution
BIECTIV

* To grow macro-crystals of urea and sodium nitrate and micro-crystals of wrea, D-glucose, and L-
cystine

amine the effoct of vibrations on the mocrocrystals and their stractural formation.

* Study the effect of varying comoentration on L-cystine crystal growth.

'MATERIALS AND METHODS

Table | List of chomicals wsad to make crystals and their solubilty ‘concentration

Materish | Sabubil Concentratio
Urea 108011 at 20°C
D(v) Glosose /L 2 28°C
Sodewn mitrase 912gL & 25°C
Lecystine S0
Hydrochloric ackd OM (diluted 10 IM)

MACROCRYSTALS:
Supersaturation: crystals of Sodium nitrate and Urea

supersaturated NaNO,
sotstion

Evaporation to produce crystals of Sodium nitrate, Urea and L-cystine

Applying vibrations to macrocrystals:

With extracorporeal shock c (I CW) treatment in mand, we

tested the effects of vibeations on the crystal stricture in two

ways

|+ Grown crystals - formed macrocrystals of urea and sodium
nitrate were attached to small buzzers

« Whilk the crystals were growing: solutions of urea, sodium
mitrate, and E-cystine were attached to similar buzzers,

m-n- 2: Set up of buzzers on petn dishes * - Al vibrations were set a1 0.999 V with buzzers taped to the

comaning crystals and solution petni dishes containing crystalsolutions.

MICROCRYSTALS:

« 10.82 g of urea and 9,14 g of Deglucose were dissolved separately in 20 ml. of water each, 1255 ¢ of
L-cystne were dissolved ina 25 ml, | M HCI solution,

* 3 pl drops of the urea and D-glucose solutions were placed onto 96 different bologscal conditions on 4
screens.

* 3 pl drops of calcium oxalate were added 10 48 of the conditions and 3 sl drops of L-cystine to the
other 48 conditions.

MACROCRYSTALS

Figure 3. Macrocrystals of Urea A and B show the long. ncedle-like structures
formed in control conditions by evaporation. € is the result of a formed crystal being
exposed to vibrations « the lincarity of the structure has been distupted 1o form roagh
edges. D is the result of urea solution being exposed 1o vibrabions as the crystals are
growing  crystals do not form properdy. instead a powdery solid is the product

Figure 4 Macrocrystals of Sodium Nitrate. A and B clearly show the cuboid
structure of the Sodium nitrate grown in control conditions by evaporation. C shows
the effects of vibrations on the Sodium nitrate crystal as seen in B, The fractunng
around the edges can be clearly seen. I is the result of sodium nitrate solution as it
was exposed 1o vibrations while the crystals were forming.

Figure 8 Macrocrystals of L-Cystune. A (a1 004 g/mL of HCI and B (at 0.05 g/ml.
of HCY) show the fine. crossed crystal needle structure of the crystals that form by
evaporation

MICROCRYSTALS

Figure 6 L-Cystine microcrystaly and
showing the typical hexagonal structure
that is 10 be expected based on previous
rescarch. The black interference, the
dark patches. in the photographs are
precipitations.

A

Figure 7: Microcrystals of L-cystine grown in condition 4 (0.1 M Bis-Tis, pH 6.5,
2M ammonium sulfate) ut concentration of 0.04 g/ml. of HCY

Figure 8: Microcrystals of L-cystine
grown in condition 4 (0.1 M Bis-Tis, pH
6.5, 2M ammonium sulfate) at
concentration of 0,05 g'ml. of HC!

Crystals from Lcystioe solution of 008
ml grew more abundantly than those from a
004 giml. solstion whereas the solution at
0.02 g/ml. grew no crystals af all

SUMMARY

DISCUSSION

MACROCRYSTALS

* When vibrations were applicd to formed crystals, there was some fracturing of the crystal structure that
caused rough cdges 1o happen

* When vibrations applied to solut d, crystal growth was disrupled.

= The motonal disturhance caused Urea 1o form a powder rather than a crystal, whilst Sedum mivrate

formed smaller, less distinct crystals,

The formation of L-Cystine crystals was unaffected by the vibeations applied duning the evaporation

process.

+ The evaporation method produced higher quality crystals than when the supersaturation method was
carmed oul. Supersaturation, the “sealed jar method”, produced many fine crysials but none sustable for
sced crystals. The evaporation method allows for a slower rate of crystal formation and so the crystals
may grow larger in the petn dishes.

+ In Figure 3 B, mieresting node formations were observed on the needle-like crystal structures of the
Urea crystal

MICROCRYSTALS

* L-Cystine crystals formed m only 6 of the 48 screencd conditions, these conditions were then used for

following tests.

L-Cystine forms microcrystals with a hexagonal structure

= The glucose present in the first run mixed with the L-Cystine and contamimated the samples. This

caused moald to form as glucose is a biological food source.

The greater the concentration of L-Cystine, the larger the total miceocrystal formed. The microcrystal is

made up of multiple hexagonal structures together

Sced crystals suspended m saturated solution were able to grow larger as they act as a homogenous

nucleus for funther crystalline deposits to form

L-Cystine microcrystals grew in crystal screen conditions that were acidac, at pH 6.5 and 3.5, Thas hints

o alkamization as s treatment for cy stine-based kedney stones.

= Crystals grown from 0,05g/mi solution had green panticipate, duc 10 the supersaturation of the sample
being 100 high. The crystals formed stacks rather than clearly defined hexagonal shapes.

Crystals exposed 10 vibrations bad only minor fractures, which means this method would ot be effective

against formed Kidoey stones, and ESWL is sull the best treatmenn for kidney stones, as the noise 1s of 4
higher encrgy. Constant motional disturbance for paticnts susceptible to recurnng Kidney stone formation
would also be ineffective as L-cystine crystals would still form

A concentration based approach may have the potential for alternative treatments o ESWL and surgery

Areas of interest for further research would be whether an increase in the encrgy of the vibrations, by
increasing the voltage through the buzzees, would csuse greater fracturing and become a viable option for
treatments. Based upon the conditions that L-cystine microcrystals grew under, analysis of the cffects of
pH woald be of interest 10 see how physiological conditions play & part m the formation of such Kidney
SOnCs.

MEDICAL APPLICATION

The ability to fracture and prevent crystals by motional disturbance could be @ treatment to combat other
crystal-based condimions, such as Gout — the busld up of unic acid in the joints.

There are already reports on how changing one's diet can reduce kidney stones and our results comcur that

a reduced L-cystine concentration reduces crystal formation. A reduced concentration can be reached by
increased unnary volume, by drinking more water, of by reducing the comsumption of L-cystine by dictary
management

By wdentifving the optimised conditions for L-cystine erystal growth, this data may be used foe improved
dragnosis of Cystinuria. which can be identified in patients by the presence of L-cysting in their urine
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