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STRUCTURE OF B2O3 MELT BY RAMAN SPECTROSCOPY
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Structure of glasses and melts B2O3 at temperatures from 20 to 10250C was investigated by Raman high-temperature spectroscopy. For excitation of Raman spectra the powerful pulse laser and gated photon account system was used. Adjusting on a thermal population of oscillatory levels was carried out for comparison of spectra obtained at different temperatures.

The obtained Raman spectra of glasses and melts B2O3 are shown in a fig. 1. On the basis systematic studies of B2O3 [1,2,3,4] is established, that the band with a maximum about 808 cm-1 is due to the symmetric breathing vibration of the boroxol rings.  According to [5], the bands in the 1200-1600 cm-1 rang is assigned by antisymmetric stretching vibrations of base structural units BO3. The small width of bands ~1215 and ~1260 cm-1 in spectra of B2O3, and also character of temperature dependence their intensities allows to assume, that the these lines are associated with the vibrations of BO3 triangles, included in composition of boroxol groups. The band at 1260 cm-1 assigned to B-О' stretching in BO3 triangles of boroxol rings, where O' is not in the ring [2]. At the same time, the wide Raman lines in the frequency range from 1260 to 1600 cm-1 are associated with vibrations BO3-units, which are situated in random network. The bands in the field of low frequencies (300-800 cm-1) are assigned to bending vibrations of planar BO3 triangles in random network [2].

The increasing of relative intensity of bands in the 1260-1600 cm-1 and 300-800 cm-1 regions at increasing temperature shows, that at melting glass B2O3 transformation of BO3 triangles in boroxol rings, to BO3 triangles in a random network is existed.
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For quantitative description of this structural reorganization ratios of Raman integrated intensities of bands is used [2]:

[image: image3.wmf]0,25

0,3

0,35

0,4

0,45

0,5

0,55

0,6

0

200

400

600

800

1000

t, 

0

C

r

1


[image: image4.wmf]1

1,5

2

2,5

0

200

400

600

800

1000

1200

t, 

0

C

r

2

[image: image5.wmf]800

300

808

1

-

=

I

I

r

where I800 is the integrated intensity of a band at 808 cm-1, I300-800 is  the total integrated intensity of contour in the frequency range from 300  to 820 cm-1, I1260-1600 is total integrated intensity of the high-frequency contour.
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The temperature dependencies of ri(t) are presented in a fig. 2. At low temperatures ri feebly are depends on temperature and the experimental points are well described by the horizontal line. At temperatures is higher then Tg, ri(t) are satisfactorily described by the curve of the second order. The cross point of these lines corresponds to temperature of a glass transition.
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Fig. 2.Temperature dependencies of ri for vitreous and molten B2O3.

For estimation of an enthalpy of formation process of boroxol rings from BO3 triangles following equation was used[2]:
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where Аi, Bi and Ci - constants, T - temperature. This line features experimental data by the best expedient when Ai is equal to average value ri in low-temperature region (T < Tg). In our case A1 = 0,57, A2 = 2,37.

The values (Hi were defined by linear least squares. These values are equal (H1 = - 24(1 kJ/mol. (-5,8(0,3 kkal/mol.) and (H2 = - 28(2 kJ/mol. (-6,7 ( 0,5 kkal/mol.) and its also are in good correspondence with magnitude -6,4 ( 0,4 kkal/mol. [2].

Thus, the carried out examinations have shown, that the concentration boroxol groups in structure of melts B2O3 is small and BO3 triangles mainly connected in a random network. The dynamic equilibrium BO3k <=> BO3c is existed in melts B2O3, where the inferior index specifies a membership of structural unit to k -boroxol group, c- to a random network. At a temperature drop this equilibrium is shifted to the left, that corresponds to process of integrating of BO3 units in boroxol rings. (H of formation of boroxol rings from BO3 triangles is equal -24(3 kJ/mol. The process of formation of boroxol groups is favored energetically. The formation of boroxol rings is frozen at temperatures below the glass transition temperature. The structure vitreous B2O3 is a random network of connected boroxol groups.
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Fig. 1. Raman spectra of vitreous and molten B2O3 measured at various temperature.
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		395		0.001497006		1.751754135		2.1446797446		1.5205622887

		482		0.0013245033		1.3862947107		1.0121002661		0.9274147428

		589		0.0011600928		0.7859289107		0.9196625636		0.7875568906

		739		0.0009881423		0.3896489623		0.3794325499		0.251361956

		788		0.0009425071		0.333491628		0.3628145669		0.2516630478

		908		0.0008467401		0.0247940128		-0.1406578085		-0.1268562632
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Лист1

		20		0.575				0.57		0.1727		0.0000002828		280.4136303139

		180		0.565				0.57

		311				0.54		0.57

		395				0.49

		482				0.46

		589				0.395

		739				0.343

		788				0.335

		908				0.291

		1025				0.27

		20		0.0034129693				-0.6329932577		0.531

		180		0.0022075055				-0.6069694843		0.545

		311		0.0017123288		-0.6462635947				0.524

		395		0.001497006		-0.6931471806				0.5

		482		0.0013245033		-0.8278220839				0.437

		589		0.0011600928		-0.9187938621				0.399

		739		0.0009881423		-0.9996723408				0.368

		788		0.0009425071		-1.0700248318				0.343

		908		0.0008467401		-1.2447947988				0.288

		1025		0.000770416		-1.3356012468				0.263

		0.0034129693				2.5876557915		-0.6180397081		7.1801387433

						5932.074968

						26.816

		20						0.575

		180						0.565

		311		0.0017123288		2.7362210781		0.54

		395		0.001497006		1.7517541346		0.49

		482		0.0013245033		1.3862943611		0.46

		589		0.0011600928		0.785928914		0.395

		739		0.0009881423		0.3909930755		0.343

		788		0.0009425071		0.3334916085		0.335

		908		0.0008467401		0.024349029		0.291

		1025		0.000770416		-0.1218898176		0.27

										5.8274914562

		-200				0.57		73

		20		0.575		0.5696948259		293

		180		0.565		0.5597159037		453

		311		0.54		0.5285125409		584

		395		0.49		0.4966868504		668

		482		0.46		0.457907107		755

		589		0.395		0.4081758885		862

		739		0.343		0.3441117549		1012

		788		0.335		0.3256325035		1061

		908		0.291		0.285890604		1181

		1025		0.27		0.2541168782		1298

		1050				0.2481193245		1323

		1100				0.2368738915		1373

		1150				0.2265545338

		20		809

		180		809

		311		808

		395		809

		482		807

		589		806

		739		805

		788		805

		908		804

		1025		802

		20		15

		180		18

		311		21

		395		22

		482		26

		589		28

		739		30

		788		30

		908		32

		1025		34

		3429.4259		1970.5425		0.5745983606		0		20		0.7403460722		0

		4056.2324		2292.7232		0.5652346744		0		180		0.7691766717		0

		4851.740926		2619.9401		0.54		0		311		0.8518518519		0

		6019.048367		2949.3337		0.49		0		395		1.0408163264		0

		6840.428		3146.5971		0.4600000322		0		482		1.1739128915		0

		8604.3633		3398.7235		0.3949999996		0		589		1.5316455722		0

		10095.602		3460.9133		0.34281396		0		739		1.9170340673		0

		10965.562		3673.4633		0.3350000027		0		788		1.9850746025		0

		13374.801		3892.9225		0.2910639568		0		908		2.4356710158		0

		14629.142		3949.8683		0.2699999973		0		1025		2.7037037412		0

														1214		1250		сумма

		20								54		289.3338		3429.4259		286.5151		1190.32123

		180								50		315.4984		4056.2324		293.2878		1381.74317

		311		0.54		0.058588083				50		284.2542		4851.740926		258.3694		1453.55765

		395		0.49		0.0536030084				60		322.6391		6019.048367		280.7984		1752.64771

		482		0.46		0.0558808162				60		382.2487		6840.428		325.8587		2230.60609

		589		0.395		0.0515295304				52		443.3788		8604.3633		389.9795		2583.89518

		739		0.343		0.0441838535				43		446.0626		10095.602		364.0629		3017.0485

		788		0.335		0.0415229607				38		455.3226		10965.562		401.0425		3169.02304

		908		0.291		0.0435212083				31		582.0875		13374.801		443.9241		4198.8954

		1025		0.27		0.0394126874				27		576.5738		14629.142		524.9029		4453.8836

		20		0.2355973813		287.9		1222

		180		0.2169814123		300		1382.60691

		311		0.2080461666		303.3		1457.8495

		395		0.1826336069		322.6391		1766.59217

		482		0.1710518966		382.2487		2234.69431

		589		0.1765190568		443.3788		2511.78999

		739		0.1507837506		446.0626		2958.29357

		788		0.1464469454		455.3226		3109.13006

		908		0.1408447688		582.0875		4132.8301

		1025		0.136024644		576.5738		4238.74515

		20		7.3555151176		1.6827451336		1970.5425		267.9		252.6336538462		1458.8834		40.5		1160.1		851.7

		180		7.6424106667		1.6881160334		2292.7232		300		293.9388717949		1763.5092		46.2		1384.8		1038.6

		311		8.6381144082		2.0242903311		2619.9401		303.3		335.8897564103		2231.800826		49.3		1487.7		1135.1

		395		8.1563431969		2.2513817607		2949.3337		361.6		378.1197051282		3069.714667		54.4		1796		1380

		482		7.6652791717		2.0475893235		3146.5971		410.5		403.4098846154		3693.8309		62.5		2269.9		1796.9

		589		7.7845247366		2.5945611292		3398.7235		436.6		435.7337820513		5205.6398		66.1		2508.2		2005.5

		739		7.8657120455		2.7019780751		3460.9133		440		443.7068333333		6634.6887		64.5		2963.7		2459.2

		788		7.7926671616		2.7743033566		3673.4633		471.4		470.9568333333		7292.0987		67.9		3167.3		2628

		908		7.4207443767		2.6450913608		3892.9225		524.6		499.0926282051		9481.8785		78.8		4162.6		3559.2

		1025		7.7937417127		2.8778847216		3949.8683		506.8		506.3933717949		10679.2737		77.3		4294.5		3710.4

				78.1150525941		23.2879412256

				7.8115052594		2.3287941226								634.2971304348

														766.7431304348

														970.3481852174

		20		48.6553703704		40.5		1970.5425						1334.6585508696

		180		49.62604329		46.2		2292.7232						1606.0134347826

		311		53.142801217		49.3		2619.9401						2263.3216521739

		395		54.2156930147		54.4		2949.3337						2884.6472608696

		482		50.3455536		62.5		3146.5971						3170.4776956522

		589		51.4179046899		66.1		3398.7235						4122.5558695652

		739		53.6575705426		64.5		3460.9133						4643.1624782609

		788		54.1010795287		67.9		3673.4633

		908		49.402569797		78.8		3892.9225

		1025		51.0979081501		77.3		3949.8683

		20				2.3136579782		851.7		1970.5425

		180				2.2075131908		1038.6		2292.7232

		311		2.3081139107				1135.1		2619.9401

		395		2.1371983333				1380		2949.3337

		482		1.751125327				1796.9		3146.5971

		589		1.6947013214				2005.5		3398.7235

		739		1.4073329945				2459.2		3460.9133

		788		1.3978170852				2628		3673.4633

		908		1.0937633457				3559.2		3892.9225

		1025		1.0645397531				3710.4		3949.8683

		20		0.0034129693		7.4524077797

		180		0.0022075055		3.0222537733

		311		0.0017123288		5.8146826434

		395		0.001497006		2.4865823634

		482		0.0013245033		1.1331818883

		589		0.0011600928		1.0050606909

		739		0.0009881423		0.4385741216

		788		0.0009425071		0.4213601507

		908		0.0008467401		-0.110239636

		1025		0.000770416		-0.160969132

		20		0.575				2.3136579782

		180		0.565				2.2075131908

		311				0.54		2.3081139107

		395				0.49		2.1371983333

		482				0.46		1.751125327

		589				0.395		1.6947013214

		739				0.343		1.4073329945

		788				0.335		1.3978170852

		908				0.291		1.0937633457

		1025				0.27		1.0645397531
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		t		g1/h1		g1/k1		(i1+j1)/k1						I800		I300-800		I1215		I1250		I1250-1650

		20		0.5745983606		2.447878882		0.3831055901						1970.5425		3429.4259		40.5		267.9		805

		180		0.5652346744		2.2927232		0.3462						2292.7232		4056.2324		46.2		300		1000

		311		0.54		2.2683464069		0.3197402597						2619.9401		4851.740926		49.3		320		1155

		395		0.49		2.1218228058		0.2992805755						2949.3337		6019.048367		54.4		361.6		1390

		482		0.4600000322		1.7384514365		0.2613259669						3146.5971		6840.428		62.5		410.5		1810

		589		0.3949999996		1.6947013214		0.2506606831						3398.7235		8604.3633		66.1		436.6		2005.5		2005.5

		739		0.34281396		1.4073329945		0.2051480156						3460.9133		10095.602		64.5		440		2459.2		2459.2

		788		0.3350000027		1.3978170852		0.2051750381						3673.4633		10965.562		67.8		471.4		2628		2628

		908		0.2910639568		1.101936849		0.1707993659						3892.9225		13374.801		78.8		524.6		3532.8		3559.2

		1025		0.2699999973		1.0645397531		0.1574223803						3949.8683		14629.142		77.3		506.8		3710.4		3710.4

		20		0.0034129693

		180		0.0022075055

		311		0.0017123288		2.7362210778		3.10228865		1.9617415495

		395		0.001497006		1.751754135		2.1446797446		1.5205622887

		482		0.0013245033		1.3862947107		1.0121002661		0.9274147428

		589		0.0011600928		0.7859289107		0.9196625636		0.7875568906

		739		0.0009881423		0.3896489623		0.3794325499		0.251361956

		788		0.0009425071		0.333491628		0.3628145669		0.2516630478

		908		0.0008467401		0.0247940128		-0.1406578085		-0.1268562632

		1025		0.000770416		-0.1218898367		-0.2042428867		-0.275126539

		20		2.447878882		2.3698648254

		180		2.2927232		2.3446439573

		311		2.2683464069		2.2389707946

		395		2.1218228058		2.1130749039

		482		1.7384514365		1.9452802965

		589		1.6947013214		1.7156955527

		739		1.4073329945		1.4079391793

		788		1.3978170852		1.3183602969

		908		1.101936849		1.126548409

		1025		1.0645397531		0.9753753291

		20

		180

		311		0.0017123288		1.9617415495

		395		0.001497006		1.5205622887

		482		0.0013245033		0.9274147428

		589		0.0011600928		0.7875568906

		739		0.0009881423		0.251361956

		788		0.0009425071		0.2516630478

		908		0.0008467401		-0.1268562632

		1025		0.000770416		-0.275126539

		20		0.3831055901		0.36379075

		180		0.3462		0.3496595507

		311		0.3197402597		0.3203519718

		395		0.2992805755		0.2964711621

		482		0.2613259669		0.2709909089

		589		0.2506606831		0.241560253

		739		0.2051480156		0.206631621

		788		0.2051750381		0.1969239841

		908		0.1707993659		0.1763464633

		1025		0.1574223803		0.160030418

		20				2.447878882		2.3703

		180				2.2927232		2.3703

		311		2.2683464069				2.3703

		395		2.1218228058

		482		1.7384514365

		589		1.6947013214

		739		1.4073329945

		788		1.3978170852

		908		1.101936849

		1025		1.0645397531

		20				0.3831055901		0.3647

		180				0.3462		0.3647

		311		0.3197402597				0.3647

		395		0.2992805755

		482		0.2613259669

		589		0.2506606831

		739		0.2051480156

		788		0.2051750381

		908		0.1707993659

		1025		0.1574223803





		20		20		20

		180		180		180

		311		311		311

		395		395		395

		482		482		482

		589		589		589

		739		739		739

		788		788		788

		908		908		908

		1025		1025		1025



0.5745983606

2.447878882

0.4079503106

0.5652346744

2.2927232

0.3462

0.54

2.1832834167

0.2938333333

0.49

2.1371983333

0.3014492754

0.4600000322

1.751125327

0.2632311203

0.3949999996

1.6947013214

0.2506606831

0.34281396

1.4073329945

0.2051480156

0.3350000027

1.3978170852

0.2051750381

0.2910639568

1.0937633457

0.1695324792

0.2699999973

1.0645397531

0.1574223803



		





		





		





		



t, 0C

(I1250+I1215)/I1250-1650



		



t, 0C

r2



		



t, 0C

r3



		

																				tg=280

																				0.0000001367		151.4870841674

																				tg=264

																				tg=151





		20		20		20

		180		180		180

		311		311		311

		395		395		395

		482		482		482

		589		589		589

		739		739		739

		788		788		788

		908		908		908

		1025		1025		1025



t, 0C

r2

2.447878882

2.3703

2.2927232

2.3703

2.2683464069

2.3703

2.1218228058

1.7384514365

1.6947013214

1.4073329945

1.3978170852

1.101936849

1.0645397531



		20		20		20

		180		180		180

		311		311		311

		395		395		395

		482		482		482

		589		589		589

		739		739		739

		788		788		788

		908		908		908

		1025		1025		1025



t, 0C

r1

0.575

0.57

0.565

0.57

0.54

0.57

0.49

0.46

0.395

0.343

0.335

0.291

0.27



		20		20		20

		180		180		180

		311		311		311

		395		395		395

		482		482		482

		589		589		589

		739		739		739

		788		788		788

		908		908		908

		1025		1025		1025



t, 0C

r3

0.3831055901

0.3647

0.3462

0.3647

0.3197402597

0.3647

0.2992805755

0.2613259669

0.2506606831

0.2051480156

0.2051750381

0.1707993659

0.1574223803




