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[bookmark: _Ref48896939]Table S 1	Summary of northern softwood bleached kraft pulp PEMAc treatment experiments.

	
	Impregnation solution
	Drying/Curing
	PEMAc Content Fiber Titration 
	PEMAc Content Wash Titration
	
	Comments

	Row
	MW
	% MF
	Dose meq/g
	pH
	Temp. oC 
	Time min
	COOH meq/g
	Yield
	COOH meq/g
	Yield
	Wet TI
Nm/g
	

	1
	H
	0
	0
	-
	none
	-
	0.045
	-
	-
	-
	1.37
	Untreated pulp titration

	2
	H
	2
	0.460
	8
	23
	24×60
	0.24
	0.522
	-
	-
	0
	

	3
	H
	2
	0.366
	2
	23
	24×60
	0.184
	0.503
	
	
	0
	

	4
	H
	2
	0.374
	4
	23
	24×60
	0.261
	0.697
	
	
	0
	

	5
	H
	2
	0.454
	6
	23
	24×60
	0.218
	0.48
	
	
	0
	

	6
	H
	2
	0.463
	11
	23
	24×60
	0.19
	0.41
	
	
	0
	

	7
	H
	2
	0.467
	8
	120
	10
	0.256
	0.548
	0.24
	0.55
	0.43
	

	8
	H
	2
	0.480
	8
	130
	10
	0.24
	0.50
	-
	-
	0.93
	

	9
	H
	2
	0.491
	8
	140
	10
	0.27
	0.55
	0.31
	0.66
	2.26
	

	10
	H
	2
	0.464
	8
	150
	10
	0.26
	0.56
	0.35
	0.72
	4.18
	

	11
	H
	2
	0.464
	8
	120
	120
	0.26
	0.56
	0.36
	0.68
	2.51
	

	12
	H
	2
	0.451
	8
	120
	60
	0.23
	0.51
	0.30
	0.61
	1.44
	

	13
	H
	2
	0.346
	2
	120
	10
	0.346
	1
	0.36
	0.92
	7.33
	

	14
	H
	2
	0.429
	4
	120
	10
	0.39
	0.91
	0.42
	0.93
	12
	

	15
	H
	2
	0.452
	5
	120
	10
	--
	--
	0.38
	0.837
	8.98
	

	16
	H
	2
	0.479
	7
	120
	10
	0.23
	0.48
	0.273
	0.58
	1.21
	

	17
	H
	2
	0.464
	10
	120
	10
	0.127
	0.274
	0.23
	0.47
	0
	

	18
	H
	2
	0.409
	11
	120
	10
	0.124
	0.282
	0.173
	0.37
	0
	

	19
	L
	2
	0.392
	8
	120
	10
	0.00
	0
	-
	-
	1.12
	

	20
	L
	2
	0.391
	7
	120
	10
	0.157
	0.402
	-
	-
	1.05
	

	21
	L
	2
	0.322
	4
	120
	10
	0.30
	0.932
	-
	-
	7.41
	

	22
	L
	2
	0.321
	2
	120
	10
	0.278
	0.865
	
	
	3.62
	

	23
	L
	2
	0.357
	6
	120
	10
	0.234
	0.656
	
	
	1.74
	

	24 
	L
	2
	0.296
	2
	23
	24×60
	0.069
	0.233
	
	
	1.2
	23 oC, 50% RH

	25 
	L
	2
	0.333
	4
	23
	24×60
	0.047
	0.141
	
	
	1.15
	23 oC, 50% RH

	26 
	L
	2
	0.354
	6
	23
	24×60
	0.04
	0.113
	
	
	1.2
	23 oC, 50% RH

	27 
	L
	2
	0.364
	8
	23
	24×60
	0.04
	0.11
	
	
	1.23
	23 oC, 50% RH

	28 
	L
	2
	0.414
	11
	23
	24×60
	0
	0
	
	
	1.16
	23 oC, 50% RH

	29
	L
	2
	0.317
	4
	120
	1
	0.11
	0.347
	
	
	1.33
	

	30
	L
	2
	0.344
	4
	120
	2
	0.199
	0.577
	
	
	2.38±0.06
	

	31
	L
	2
	0.317
	4
	150
	1
	0.275
	0.865
	
	
	2.71
	

	32
	L
	2
	0.339
	4
	180
	1
	0.229
	0.675
	
	
	1.03 ± 0.02
	Dried 23 oC, oven cured

	33 
	H
	2
	0.450
	4
	120
	1
	0.239
	0.531
	
	
	1.70
	

	34
	H
	2
	0.427
	4
	150
	1
	0.406
	0.951
	
	
	3.18
	

	35 
	H
	2
	0.490
	4
	150 
	1
	0.406
	0.828
	
	
	2.25
	Pulp sheet not pressed

	36
	H
	2
	0.437
	4
	180
	1
	0.336 ± 0.003
	0.77
	
	
	0.82 ± 0.08
	Dried 23 oC, oven cured

	37
	H
	0.5
	0.111
	8
	120
	10
	0.021
	0.19
	0.04
	0.37
	1.25
	

	38
	H
	4
	1.105
	8
	120
	10
	0.269
	0.24
	0.35
	0.31
	0.23
	

	39
	H
	8
	2.620
	8
	120
	10
	0.30
	0.11
	-
	-
	0
	

	40
	H
	2
	0.455
	8
	120
	10
	0.15
	0.33
	0.22
	0.48
	0.37
	NaCl 10 mM

	41
	H
	2
	0.464
	8
	120
	10
	0.13
	0.28
	0.22
	0.48
	0.37
	NaCl 100 mM 

	42
	H
	2
	0.444
	8
	120
	10
	0.08
	0.18
	0.17
	0.37
	0.26
	NaCl 1000 mM

	43
	H
	0.2
	0.033
	4
	120
	10
	0.019
	0.57
	0.033
	1
	3.12
	

	44
	H
	0.5
	0.092
	4
	120
	10
	0.084
	0.91
	0.092
	1
	5.23
	

	45
	H
	4
	0.894
	4
	120
	10
	0.728
	0.814
	0.80
	0.89
	11.31
	

	46
	H
	8
	2.12
	4
	120
	10
	1.60
	0.76
	1.79
	0.85
	9.8
	

	47 
	H
	2
	0.452
	8
	23
	24×60
	0.197
	0.436e
	
	
	0
	EDTA treated pulp

	48 
	H
	2
	0.463
	8
	23
	24×60
	0.232
	0.501f
	
	
	0
	Calcium treated pulp

	49
	H
	2
	0.45
	4
	120
	0.167
	
	
	
	
	1
	

	50
	H
	2
	0.45
	4
	120
	0.5
	
	
	
	
	1.1
	

	51
	H
	2
	0.45
	4
	120
	5
	
	
	0.392
	0.87
	8.9
	

	52
	H
	2
	0.45
	4
	120
	60
	
	
	0.42
	0.93
	13.9
	

	53
	H
	2
	0.45
	4
	120
	120
	
	
	0.423
	0.94
	18.41
	

	54
	H
	2
	0.45
	4
	140
	10
	
	
	0.42
	0.93
	15.41
	

	55
	H
	2
	0.45
	4
	150
	10
	
	
	0.42
	0.93
	18.56
	

	56
	H
	0.5
	0.10
	8
	100
	10
	
	
	
	
	0.93
	

	57
	H
	0.5
	0.112
	8
	130
	10
	
	
	
	
	1.9
	

	58
	H
	0.5
	0.11
	8
	150
	10
	
	
	
	
	4.5
	

	59
	H
	1
	0.221
	8
	120
	10
	
	
	
	
	0.89
	

	60 
	H
	2
	0.509
	4
	120
	10
	
	
	
	
	11.1
	Soak 1 mM NaCl 1 day

	61 
	H
	2
	0.509
	4
	120
	10
	
	
	
	
	10.5
	Soak 1 mM NaCl 7 day

	62 
	H
	2
	0.461
	4
	120
	10
	
	
	
	
	10.6
	Soak 0.1 M NaOH 5 min

	63 
	H
	2
	0.461
	4
	120
	10
	
	
	
	
	9.9
	Soak 0.1 M NaOH 1 day

	64 
	H
	2
	0.461
	4
	120
	10
	
	
	
	
	7.5
	Soak 0.1 M NaOH 7 day

	65 
	H
	2
	0.36
	2
	120
	10
	
	
	
	
	11.43±0.41
	1 wt% NaH₂PO₂.

	66 
	H
	2
	0.31
	4
	120
	10
	
	
	
	
	8.16±0.55
	1 wt% NaH₂PO₂.

	67
	H
	2
	0.35
	8
	120
	10
	
	
	
	
	0.2±0
	1 wt% NaH₂PO₂.

	68
	PAA
	2
	0.49
	8
	120
	10
	0.153
	0.313
	-
	-
	0.48±0.11
	

	69
	PAA
	2
	0.442
	5
	120
	10
	
	
	
	
	5.12±0.2
	

	70
	PAA
	2
	0.387
	4
	120
	10
	
	
	
	
	4.62±0.42
	

	71
	PAA
	2
	0.378
	2
	120
	10
	
	
	
	
	4.91±0.22
	

	72
	H
	2
	0.465
	8
	--
	--
	0.042
	0.09
	
	
	0
	No drying after impregnation

	73
	H
	0.5
	0.086
	4
	120
	1
	0.075
	0.868
	
	
	1.22±0.07
	

	74
	H
	0.5
	0.086
	4
	120
	3
	
	
	
	
	3.29±0.18
	

	75
	H
	0.3
	0.060
	4
	150
	1
	0.059
	0.98
	
	
	2.03±0.02
	

	76
	H
	0.4
	0.075
	4
	150
	1
	0.075
	1
	
	
	2.43±0.05
	

	77
	H
	0.5
	0.094
	4
	150
	1
	0.094
	1
	
	
	3.05±0.21
	

	78
	H
	0.3
	0.059
	4
	120
	1
	0.057
	0.97
	
	
	1.21±0
	

	79
	H
	0.4
	0.077
	4
	120
	1
	0.077
	1
	
	
	1.28±0
	

	80
	H
	0.5
	0.086
	4
	120
	1
	0.075
	0.87
	
	
	1.22±0.07
	

	81
	L
	0.3
	0.053
	4
	120
	1
	0.0514
	0.97
	
	
	1.27±0.04
	

	82
	L
	0.5
	0.091
	4
	120
	1
	0.088
	0.97
	
	
	1.29±0.01
	

	83
	L
	0.3
	0.056
	4
	150
	1
	0.056
	1
	
	
	1.32±0.05
	

	84
	L
	0.5
	0.088
	4
	150
	1
	0.088
	1
	
	
	1.72±0.06
	

	85
	H
	0.3
	0.052
	4
	120
	1
	0.052
	1
	
	
	0.67±0.06
	Hardwood

	86
	H
	0.5
	0.091
	4
	120
	1
	0.091
	1
	
	
	0.67±0.04
	Hardwood

	87
	H
	0.3
	0.055
	4
	150
	1
	0.055
	1
	
	
	0.92±0.01
	Hardwood

	88
	H
	0.5
	0.094
	4
	150
	1
	0.094
	1
	
	
	1.2±0.18
	Hardwood

	89
	H
	0.3
	0.073
	4
	120
	1
	
	
	
	
	1.70±0.03
	Unbleached pulp

	90
	H
	0.5
	0.120
	4
	150
	1
	
	
	
	
	1.86±0.09
	Unbleached pulp

	91
	H
	0.3
	0.072
	4
	120
	1
	
	
	
	
	2.09±0.02
	Unbleached pulp

	92
	H
	0.5
	0.124
	4
	150
	1
	
	
	
	
	2.69±0.20
	Unbleached pulp

	93
	
	
	
	
	
	
	0.069
	
	
	
	0.76±0.01
	Untreated hardwood

	94
	
	
	
	
	
	
	0.075
	
	
	
	1.81±0.00
	Untreated unbleached pulp

	95
	H
	0.5
	0.094
	4
	150
	10
	
	
	
	
	4.69±0.05
	Hardwood

	96
	H
	1
	0.208
	4
	120
	5
	
	
	
	
	2.58±0.12
	Hardwood

	97
	H
	1
	0.207
	4
	120
	10
	
	
	
	
	3.85±0.04
	Hardwood

	98
	H
	4
	0.960
	4
	120
	1.25
	0.61
	0.58
	
	
	2.34±0.01
	

	99
	H
	6
	1.467
	4
	120
	1.25
	0.93
	0.60
	
	
	1.89±0.03
	


Notes:	Dried pulp sheets (1.5 g target) were wetted with 3 to 3.5 mL of PEMAc solution.
PEMAc content is the amount of polymer fixed to fibers after washing.
The background fiber charge (Row 1) was subtracted from the PEMAc titration results.
% MF is the mass fraction of PEMA in the impregnation solution.
The dose is the applied meq of PEMAc per g dry fiber (COOx meq/g) in the impregnated pulp sheet before drying/curing.
MW is the PEMAc molecular weight. H for H-PEMAc and L for L-PEMAc.



[bookmark: _Ref38871720]Table S 2	Illustrating the reproducibility of the conductometric titrations of untreated pulp and the base-case impregnation of H-PEMAc (pH 8, 120 oC for 10 min).   
	
	Pulp Fiber Carboxylic Acid Contents (meq/g)

	Times
	Untreated Pulp 
	H PEMA Fiber Titration
	H PEMA Wash Solution Titration

	1
	0.054
	0.259
	0.267

	2
	0.045
	0.263
	

	3
	0.037
	0.245
	

	Mean
	0.045
	0.256
	0.267

	Standard deviation
	0.0085
	0.0097
	--

	SD/Mean (%)
	19
	3.79
	





[bookmark: _Ref38985997]Table S 3	The influence of drying temperature on PAA immobilization on bleached pulp. The treatment conditions were: 1 mM NaCl, PAA concentration 2 %, pH 8, heating 10 min, 120 °C, 450 kDa, bleached pulp. 
The polymer contents and corresponding yields were determined from titrations of the pulp fibers.
	Drying Temperature (°C)
	70
	100
	120

	Fiber Charge (meq/g)
	0.11
	0.12
	0.13

	Yield
	0.231
	0.252
	0.273






 

[image: ]

[bookmark: _Ref38452880]Figure S 1 	Comparison of Bianchi’s titration data with a two-dissociation constant model (pK1 3.65, pK2 7)  for PEMAc dissociation. (Bianchi et al. 1970)



[image: ]
[bookmark: _Ref40697758]Figure S 2	PEMAc fixation yields from wash water titration versus the yields from direct fiber titration.




FTIR PEMAc Films and Impregnated Pulp Sheets. The critical step in forming PEMAc ester grafts to cellulose (Figure 1) is the conversion of succinic acid moieties to succinic anhydrides. The consensus from the literature is that the conversion of PEMAc to PEMAc requires temperatures above 100 oC and the absence of water. In other words, anhydride formation is likely to involve a polymer melt with low water content.   
[image: ][image: ]
[bookmark: _Ref47776450]Figure S 3  Influence of PEMAc solution pH on anhydride formation in a polymer film. A – FTIR of dried and heated PEMAc film; B – FTIR of grafted pulp. Anhydride formation is evidenced by peaks at 1780 and 1850 cm-1. (Johnson 2010)    	
FTIR spectra dried and heated pure PEMAc films are shown in Figure S 3A. Anhydride formation is evidenced by peaks at 1780 and 1850 cm-1. (Johnson 2010) Anhydrides were evident for films prepared from pH 2 and pH 4 PEMAc solutions but not from the pH 8 solution. The presence of anhydride bands was less apparent in the paper films in Figure S 3B.
Figure S 4 Show FTIR spectra of pulp sheets impregnated at pH 2 and pH 4. There is no evidence of anhydride or ester linkages.
[image: ][image: ]
[bookmark: _Ref47776466]Figure S 4 	FTIR of PEMAc treated pulp sheets. There is no evidence of PEMAc-cellulose ester linkages.
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