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Mapping Activity variations for Ru2O3 in Lunar Volcanic Green Glass analogs using Differential Pulse Voltammetry K. M. Malum, R. O. Colson1, and M. Sawarynski.  Minnesota State University Moorhead, Moorhead MN  56560, 1colson@mnstate.edu.

Introduction:  It is well known that variations in melt composition affect activities of trace constituents in the melt.  These variations in activities can be measured insitu by electrochemical means, because variation in activity are reflected in the electrochemical peak position of an electroactive species.  Using differential pulse voltammetry, we are mapping variations in activities for a variety of electroactive species as a function of compositional variation for compositions centered around an Apollo 15 green glass analog.  We report here variations in Ru2O3 activity resulting from differences in the concentrations of Al2O3, CaO, SiO2 and MgO in the melt.  Differences in Ru2O3 activity are compared to NiO.  Results show that one component of variation in the activities of Ru2O3 and NiO is the same for both species (we believe that this variation results from changes in the activity of the oxide ion in the melt).  A second component of variation, presumed to be related to variations of the cation activities with composition, is different for Ru and Ni.

Experimental:  Nine compositions were used in this study.  These compositions, although chosen to be analogs to natural picrites and basalts, are iron free.  Because Fe is itself electroactive, presence of Fe can mask the electrochemical signal of other species of interest.  Therefore, a combination of MgO and CaO has been substituted for FeO on a basis in these analog.

The nine target compositions are the following:

Green glass analog (gg): 

2 compositions changing amount of Al2O3:

gAl2, and gAl4

2 compositions changing amount of CaO

gCa10, gCa14

2 compositions changing amount of MgO

gMg17, gMg22

and 2 compositions changing amount of SiO2
gSi46, gSi52

	
	SiO2
	Al2O3
	MgO
	CaO

	gg
	49.0
	8.0
	27.0
	16.0

	gAl2
	52.2
	2.0
	28.8
	17.1

	gAl4
	51.1
	4.0
	28.2
	16.7

	gCa10
	52.5
	8.6
	28.9
	10.0

	gCa14
	50.2
	8.2
	27.6
	14.0

	gMg17
	55.7
	9.1
	17.0
	18.2

	gMg22
	52.4
	8.5
	22.0
	17.1

	gSi46
	46.0
	8.5
	28.6
	16.9

	gSi52
	52.0
	7.5
	25.4
	15.1


wt% oxides reported.

Electrochemical experiments were done in a Deltech 1-atm gas mixing furnace in CO2 atmosphere at 1591(C using a Cypress Model CS-1090 potentiostat. Electrochemical settings for the differential pulse experiments were the following: 

IE 
FE PH SH CP PW ST
 -400
700 50 10 8 4 3
 

IE = Initial Potential in millivolts, FE = Final Potential in millivolts,  SH=Step Height in millivolts, PH=Pulse Height in millivolts, CP=Cycle Period in milliseconds, PW=Period width in milliseconds, ST=Sample
time in milliseconds.

Experimental Complication:  Some experiments showed two different peaks, or a peak with a wide shoulder, for the oxidation of Ru.  This 2nd peak, or shoulder, goes away after the sample sits in the furnace overnight.  The double peak is also associated with a grey, cloudy appearance of the glass after the experiment is quenched.  We believe that the double peak is due to an initial state in which the Ru is present in two forms:  One state is Ru dissolved in the platinum wire at a low concentration, the other is Ru metal blebs at higher concentrations in suspension in the melt.  The results reported here are relative to the oxidation of Ru present in Pt at low concentration (Henry’s Law).  

Results:  

Complex variations in activity of oxide components can be understood as arising from the combined variations in the activities of the anion (O2-) and the cation (in this case, either Ru or Ni), both of which can vary with composition [1].  Variations in the activity of the anion can be expected to affect all oxide component activities in a like fashion, whereas activities of each cation may vary with composition differently.  We might expect, therefore, that there will be a correlation between the variation in activity of Ru with that of Ni, reflecting the component of variation due to variations in the oxide ion.  A weak correlation is shown in Fig. 1.  

The slope of this weak correlation is near 1.5.  This slope is expected for variations caused by oxide ion activity because the number of oxide ions involved in the oxidation of Ru is 1.5 times that involved in the oxidation of Ni.  

Equation 1:  Ni2+ + O2- ↔ NiO   

Equation 2:  Ru3+ + 1.5O2-  ↔ 1/2Ru2O3
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Fig. 1  Weak correlation between differential pulse peak potential for Ru and Ni oxidations.  We believe this correlation reflects the of variations in oxide ion activity with composition, which will effect both Ru and Ni oxide activities in the melt.
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Fig. 2.  Illustration of the measured variation in differential pulse peak potential (in CO2 at 1591ºC) with a function that roughly tracks the activity of the oxide ion.  There is a rough negative correlation, as expected if the activities of Ni and Ru oxides are influenced by composition-dependent variations in the oxide ion activity.  However, the degree of scatter illustrates that composition-dependent variations in the activities of the cations is also an important consideration in understanding oxide activities.  (values plotted here are not corrected for different diffusion rates in the different melts which has some affect on the differential pulse peak potential.)

The results in Fig. 2 show that there is a positive correlation between both Ni and Ru and nonbridging oxygen.  Non-bridging oxygen can be related to the oxide ion concentration in the melt through the relationship:

Si-O-Si + O2- ↔ 2Si-O

where Si-O-Si represents a bridging oxygen (BO) and Si-O represents a non-bridging oxygen (NBO)

However, the scatter in the data show that variations in NiO or Ru2O3 activities due to compositional variations are not due to variations in the oxygen ion alone.  Variations in melt composition also affect the cation activity which in turn affects the activity of the oxide components.  

Variations in the differential pulse peak potential can be related to variations in the activity of the oxides through the Nernst Equation.  A shift of 10mV in the peak potential for Ru oxidation corresponds to a shift of approximately a factor of 1.2 in the activity of RuO3/2.  A shift of 10mV in the peak potential for Ni oxidation corresponds to a shift of approximately a factor of 1.13 in the activity of NiO.  Thus, variations in the activity of  RuO3/2 that can be attributed to variations in the oxide ion activity for the compositions reported here are about a factor of  4. For NiO, the variation that can be attributed to variations in oxide ion activity is about  a factor of  1.7.

Reference: [1] Colson R. O. et al. (1995) GCA 909-925.
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		target compositions (not yet analyzed)  (wt%)

				SiO2		Al2O3		CaO		MgO		moles

		gg		49		8		16		27		1.8558123249

		ggAl4		51.1		4		16.7		28.1		1.8915966387

		ggAl2		52.1		2		17		28.7		1.909012605

		ggCa10		52.5		8.6		10		28.9		1.8603851541

		ggCa14		50		8.2		14		27.6		1.8537254902

		ggMg22		51.6		8.4		16.8		22		1.7923529412

		ggMg17		54.4		8.9		17.8		17		1.7367787115

		ggSi52		52		7.8		15.5		26.2		1.8749229692

		ggSi46		46		8.2		16.5		27.8		1.8367016807

				60		102		56		40

		Molar concentrations:										Si+1/2Al		Ca/(1/2Al+Mg)		O		NBO		NBO^2/BO		1?(XMG + Xca)

		gg		0.4400588657		0.0422625561		0.1539564545		0.3637221237		0.4611901438		0.4000392195		1.524583978		0.6236665594		1.033551461		1.9317005613

		ggAl4		0.4502369317		0.0207315267		0.1576521546		0.3713793869		0.4606026951		0.4129774916		1.4916999852		0.6815043505		1.4582559624		1.8902464626

		ggAl2		0.4548599266		0.0102711963		0.1590201279		0.3758487493		0.4599955247		0.4173928114		1.4754023191		0.7111249239		1.7505790534		1.8696171018

		ggCa10		0.4703327148		0.0453205753		0.0959862683		0.3883604416		0.4929930024		0.2335314535		1.5609738654		0.5625028636		0.7232263829		2.0646367148

		ggCa14		0.4495451661		0.0433678866		0.1348635498		0.3722233975		0.4712291094		0.3423737916		1.5362809393		0.6036904434		0.9195896122		1.9720483938

		ggMg22		0.4798162127		0.045946833		0.1673777486		0.3068592058		0.5027896291		0.5074626866		1.5717098786		0.5449989559		0.6527981987		2.108650519

		ggMg17		0.5220392562		0.0502395045		0.183015338		0.2447059013		0.5471590084		0.6782725643		1.6225182652		0.4653035258		0.4049163995		2.3379713424

		ggSi52		0.4622412125		0.0407859893		0.1476251125		0.3493476856		0.4826342072		0.3992666222		1.5438131912		0.590987059		0.8539233579		2.0121825656

		ggSi46		0.41741491		0.0437698499		0.16041955		0.3783956901		0.4392998349		0.4007677214		1.5049546098		0.6578874699		1.2651273629		1.8559237481
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PIGU12A3

		

		target compositions (not yet analyzed)  (wt%)

				SiO2		Al2O3		CaO		MgO		moles

		gg		49		8		16		27		1.8558123249

		ggAl4		51.1		4		16.7		28.2		1.8940966387

		ggAl2		52.2		2		17.1		28.8		1.914964986

		ggCa10		52.5		8.6		10		28.9		1.8603851541

		ggCa14		50.2		8.2		14		27.6		1.8570588235

		ggMg22		52.4		8.5		17.1		22		1.8120238095

		ggMg17		55.7		9.1		18.2		17		1.7675490196

		ggSi52		52		7.5		15.1		25.4		1.8448389356

		ggSi46		46		8.5		16.9		28.6		1.8667857143

				60		102		56		40

		Molar concentrations:										Si+1/2Al		Ca/(1/2Al+Mg)		O		NBO		NBO^2/BO		1?(XMG + Xca)

		gg		0.4400588657		0.0422625561		0.1539564545		0.3637221237		0.4611901438		0.4000392195		1.524583978		0.6236665594		1.033551461		1.9317005613

		ggAl4		0.4496426683		0.0207041634		0.157444071		0.3722090973		0.45999475		0.4115526606		1.4910509951		0.6826714936		1.4686369447		1.8880279773

		ggAl2		0.4543164008		0.0102392698		0.1594583426		0.3759859868		0.4594360356		0.4184098411		1.4747949403		0.7122414721		1.7628944595		1.8676077885

		ggCa10		0.4703327148		0.0453205753		0.0959862683		0.3883604416		0.4929930024		0.2335314535		1.5609738654		0.5625028636		0.7232263829		2.0646367148

		ggCa14		0.4505332066		0.0432900433		0.1346214761		0.371555274		0.4721782283		0.3423737916		1.5371132932		0.602280533		0.9120545274		1.9755944931

		ggMg22		0.4819657053		0.045989094		0.1685171802		0.3035280205		0.5049602523		0.5160965795		1.5739438933		0.5413866511		0.6390993779		2.1184411969

		ggMg17		0.5252093849		0.050474236		0.183870431		0.2404459482		0.5504465029		0.6920668058		1.6261578568		0.4597857971		0.3913317682		2.3567320261

		ggSi52		0.4697790414		0.0398568191		0.1461606496		0.3442034899		0.4897074509		0.4013947961		1.5494926796		0.5814900919		0.8079395984		2.0393008368

		ggSi46		0.4106880939		0.0446400102		0.1616606084		0.3830112875		0.433008099		0.3988357458		1.4999681143		0.6667233536		1.3337869156		1.8359676853
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